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P a r t  I  of t h i s  th e s i s  i s  concerned e s s e n t ia l ly  v i th  s tru c tu re  
e lu c id a tio n s  of n a tu ra lly -o c c u r r in g  p la n t  se sq u ite rp e n o id s . To 
t h i s  end, the  u t i l i t y  o f d e r iv a t iz a t io n  of c e r ta in  fu n c tio n a l 
groups has been in v e s t ig a te d  in  P a r t  I I ,  in  o rder t h a t  sp ec tro sco p ic  
d a ta  may be supplemented and s tru c tu re  e lu c id a tio n  f a c i l i t a t e d .
P a r t  I  « S tru c tu r e E lu c id a tio n s
S evera l samples of the  r e s in  of Ocotea Ca p a rran i were compared, 
and the s t ru c tu re s  of the  p r in c ip a l  c o n s ti tu e n ts  e lu c id a ted ,,
N e ro lid o l (2) was th e  p r in c ip a l  c o n s ti tu e n t  of c e r ta in  sam ples.
The s t ru c tu re s  of the new sesq u ite rp en o id s  c a p a rra p id io l  (10 ), 
c a p a r r a p i t r io l  (12) and d ihydroxycaparrap i ac id  (13) were e lu c id a te d  
m ainly by sp ec tro sco p ic  c o n sid e ra tio n s! in f r a - r e d ,  n u c lea r m agnetic 
resonance and mass spectroscopy were su c c e ss fu lly  employed, 
T r im e th y ls i ly la t io n  of th ese  t e r t i a r y  a lco h o ls  as a mass spectroscopy 
d e r iv a t iz a t io n  procedure was a c r i t i c a l  f a c to r  in  th i s  work,
C aparrapi oxide (16 ), which re p re se n ts  a novel se sq u ite rp en o id  
sk e le to n , was p re se n t as a m ajor c o n s t i tu e n t  of some sam ples. The 
s tru c tu re  e lu c id a tio n  was a g a in .dependent p r in c ip a l ly  on 
sp ec tro sco p ic  te ch n iq u es . Comparison ox s p e c tra l  d a ta  w ith  those 
o f the analogous m onoterpenoid (23) and the d ite rp e n o id  manoyl 
oxide (28) provided  co rro b o ra to ry  in fo rm a tio n . I t  i s  suggested
process in  v i t r o  was u n su cc e ss fu l, A d e ta i le d  comparison of the 
c o n s t i tu t io n  of the  c ap a rra p i o i l  samples i s  re p o rte d : the inc idence  
o f a c y c lic  te rp e n o id s  in  th ese  exudates i s  unusual#
The e s s e n t ia l  o i l  from the  heartwood of B rachylaena h u tc h tn s i i , 
an E ast A frican  t r e e ,  was examined. Evidence i s  p resen ted  th a t  the 
s t ru c tu re s  of th e  m ajor c o n s ti tu e n ts  a re  g iven by (36a) end (36b ) ,
This evidence depends m ainly on a d e ta i le d  MR a n a ly s is  of th e  two 
epim ers and a comparison w ith  the monoterpenoid analogue m y rten a l 
(4-0)o The s p e c tra l  c h a r a c te r i s t i c s  of an o x id a tiv e  d eg rad a tio n  
p ro d u c t were a lso  in  accord w ith  the p o s tu la te d  s t r u c tu r e .  Conversion 
to  th e  known hydrocarbons copaene (35a) and ylangene (35b) was n o t
i
s a t i s f a c t o r i l y  accom plished because of la ck  of time* A ccordingly , 
the  r e la t iv e  c o n fig u ra tio n  a t  the  iso p ro p y l c en tre  i s  in d e f in i te #
In  th e  appendix to  P a r t  I ,  the  r e la t iv e  s te re o c h e m is tr ie s  of 
th e  drim enol epoxides ( 54) end ( 56) are  assigned  on the  b a s is  of 
d e ta i le d  NMR sp in  decoupling  experim en ts« Examination of m u l t ip l ic i ty  
o f th e  epox id ic  p ro to n  (which com prises one p a r t  o f an AMNX system) 
perm its  unequivocal assignm ent. V a ria tio n s  in  the sp in  p a t te r n  of 
the  m ethylenic p ro to n s  of the  hydroxym ethyl group o f  th e  s e r i e s  o f  
compounds ( 52) -  ( 57) a re  in te rp re te d  in  term s of p re fe r re d  
o r ie n ta t io n s .
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3Pa r t  I I  -  The f a c i l i t a t i o n  of s tru c tu re  e lu c id a tio n  by fu n c tio n a l  
group d e r iv a t iz a t io n
A review  of d e r iv a tiv e s  which a re  p o te n t ia l ly  u s e fu l  in
combined gas chromatography -  mass spectrom etry  (C-C-MS) i s
p resen tedo  Two carbonyl group d e r iv a tiv e s  are  in v e s t ig a te d ; f i r s t l y ,
en o l t r i m s th y ls i ly l  e th e r s  end second ly , th io n e s0
C onditions fo r  the  sy n th e s is  of eno l t r im e th y l s i ly l  e th e r s
'a re  reported ,. The mass sp e c tra  of a s e r ie s  of d e r iv a t iv e s ,  e .g .
(4-1 ) ,  were examined and th e  fra g m e n ta tio n -d ire c tin g  p ro p e r t ie s  of
the  f u n c t io n a l i ty  ev a lu a te d . When allow ed, the com bination of
R e tro -D ie ls  A lder and lo s s  of m ethyl r a d ic a l  i s  a predom inant
p ro c e ss , a ffo rd in g  the  h ig h ly - s ta b i l iz e d  c a tio n  (5 2 ). Exam ination
of m e tastab le  t r a n s i t io n s  in d ic a te s  th a t  the ch ro n o lo g ica l sequence
i s  as d ep ic ted  o p p o s ite . An unusual e x tru s io n , a ffo rd in g  io n s  of
p o s s ib le  s t ru c tu re  (4-6a ) , a lso  occu rs.
The th io c a rb o n y l group was in v e s t ig a te d  in  the  r e la te d  th io n e s
(66) ,  (68) and (7 0 ). The fragm ent ions in  the  mass spectrum  were
predom inantly  s ta b i l iz e d  by su lphu r, compared to  the  fragm ent io n s
from the corresponding  k e to n es , which were predom inantly  hydrocarbon
c a tio n s . The co n clu sio n  i s  th a t  the th io n e  fu n c tio n  d i r e c t s  the
frag m en ta tio n  to  a g re a te r  e x te n t than  does the  ketone.
\
T en ta tiv e  mechanisms f o r  the p r in c ip a l  frag m en ta tions a re  advanced,, 
The p ro p e r t ie s  on GC-MS of ep im eric  t r im e th y l s i ly l  e th ers  of th e  
m enthol s e r ie s  (80) -  (83) was in v e s t ig a te d .  I t  was hoped th a t  the 
ep im eric  d if fe re n c e s  would be m anifested  as s ig n if ic a n t  d if f e re n c e s
Ll
in  io n  abundances in  the  mass spectrum* The o p e ra tio n a l v a r ia b le s  
in  GC-MS, however, r e s u l te d  in  ion  abundance v a r ia t io n s  which 
masked th e  d if fe re n c e s  due to  epim erism .
Two im portan t a sp e c ts  of the n u c lea r  m agnetic resonance 
c h a r a c te r i s t i c s  of th io n e s  have been examined; f i r s t l y ,  th e  m ag n e tic■ 
a n iso tro p ic  p ro p e r t ie s ,  and secondly , the a ro m atic -so lv en t-in d u ced  
chem ical s h i f t s .
A q u a l i ta t iv e  assessm ent of the  n u c lea r m agnetic resonance 
c h a r a c te r i s t i c s  of the  th ione  group was ob ta in ed  from a study of t h e ' 
m onoterpenoid th io n e s  (66) ,  (63) and (70)* The th io n e  group was 
observed to  have a g re a te r  m agnetic a n iso tro p ic  e f f e c t  than  the  
ketone group0 A cone of sh ie ld in g /d e sh ie ld in g  s im ila r  to  th a t  
p o s tu la te d  fo r  the  ketone group i s  proposed.
S o lven t-induced  chem ical s h i f t s  in  a wirle v a r ie ty  of aroms.tic 
so lv e n ts  have been m easured. D is t in c t  p a ra lle l ism s  in  so lv en t s h i f t s  
o f co rresponding  m ethyl groups in  ketone and th io n e  were observed .
A p lane o f re fe re n c e  i s  p o s tu la te d  fo r  the  th io n e  group (s im ila r  
to  t h a t  re p o rte d  fo r  the  carbonyl group) o rthogonal to  th e  0=3 bond 
a x is ; m ethyl groups behind t h i s  p lane experience  a p o s i t iv e  
chem ical s h i f t  in  going from carbon te t r a c h lo r id e  (o r chloroform ) 
to  benzene as so lv e n t . The a s s o c ia t io n  co n sta n ts  fo r  the  complexing 
of benzene w ith  camphor and thiocam phor have been measured and 
found to  be 0 . 3- 0 .4  (mole f r a c t io n ) ”" .
/P A R T I
1.1 INTRODUCTION TO THE STUDY OF THE PRIMITIVE 
SESQUITERPSNOIDS FROM THE ESSENTIAL OIL OF 
OCOTEA CAPARRAPI
B o tan ica l and Background A spects»
Ocotea ca p a rrap i (Nates) Dugand, p re v io u s ly  known as 
•N ectandra c ap a rrap i o r Taurus a ia a n te u s . as a la rg e  everg reen  
. f o r e s t  t r e e  belonging to  the n a tu ra l  o rder L auraceae* I t  grows 
in  humid reg io n s  of Colombia a t  an a l t i tu d e  of about 1300 m etres 
in  a c lim ate  where the  mean tem perature i s  21°C. According to  
Bayon^ th e  t r e e  d e riv e s  i t s  name from th e  v i l la g e  of C aparrap i 
in  the  prov ince of Cudinamarca, Colombia* The e s s e n t ia l  o i l  i s  
c o lle c te d  by making a h o r iz o n ta l in c is io n  in to  the  tru n k  and 
c o l le c t in g  the  v iscous e f f lu e n t*'0
2The f i r s t  chem ical study of the  o i l  was th a t  of Tapia who 
re p o rte d  the  presence of an alcohol* , c a p a r ra p io ln, C-^fL^O, and 
a c r y s ta l l in e  hydro:<y-acid, mp0 85°, tc<]])+ 3° 9 2^.^?6^3*
p ro p e r t ie s  re p o rte d  fo r  c a p a rra p io l d id  n o t match those  of any 
known se sq u ite rp e n o id 0 Moreover, in  I960, no se sq u ite rp en o id
#The o i l  i s  a l le g e d ly  of th e ra p e u tic  v a lu e , and i s  used 
by th e  n a tiv e s  fo r  the r e l i e f  of a wide v a r ie ty  of 
com plain ts such as chronic  b ro n c h i t is ,  l a r y n g i t i s ,  
nervous asthm a, and fo r  chron ic  inflam m ation of the  
u r in a ry  t r a c t  such as leu co rrh o ea  and b le n o rrh a g ia 0 
I t  i s  ap p lied  e i th e r  in te r n a l ly ,  or e x te rn a lly  in  
la rg e  doses0
hydroxy-acid  had been d e sc r ib e d . At th a t  tim e, Dr. Brooks of 
t h i s  Department was prompted to  o b ta in  se v e ra l samples o f the  
o i l  fo r  r e - in v e s t ig a t io n  o f T ap ia’s work* Subsequent 
exam ination f a i l e d  to  confirm  the  presence of T ap ia’ s a c id , 
b u t the presence o f n e ro l id o l ,  63.5^26^* as a m ajor c o n s t i tu e n t  
to g e th e r  w ith  o th e r  a c y c lic  sesq u ite rp en o id  a lco h o ls  and ac id s  
was in d ica ted *  The com parative r a r i t y  of th e se  s k e le ta l  types 
encouraged fu r th e r  in v e s tig a tio n *
B iogenetic  A spects
Examples of n a tu ra lly -o c c u r r in g  a c y c lic  se sq u ite rp e n o id s
are fs rn e sen e  ( 1) ,  n e ro lid o l  (2 ) ,  fa rn e s o l  (3 ) ,  and the c*~ and
(3 - s in e n s a ls  (4-5 5)* O il of c ap a rrap i which was shown by
Dr* Brooks to  c o n s is t  m ainly of a cy c lic  sesq u ite rp en o id s  i s
th e re fo re  of some in t r i n s i c  i n t e r e s t ,  s ince  i t  appears to
re p re se n t an e s s e n t ia l  o i l  in  a p rim itiv e  b io sy n th e tic  s t a t e .
3
The m evalonic ac id  pathway to  a cy c lic  se sq u ite rp e n o id s  i s
f a i r l y  w e ll e s ta b lis h e d . The fo c a l p o in t of sesq u ite rp en e
b io g en es is  i s  in  f a c t  the n a tu ra lly -o c c u r r in g  compound fa rn e so l (3 )
/ 6
whose fo rm ation  from A cetyl CoA has been dem onstrated in  y e a s t
7
and i s  assumed to  occur in  h igher p la n ts  \  S u itab le  c y c liz a t io n  
o f e i th e r  c i s -  or t ra n s - f a rn e s y l  pyrophosphate p rov ides p o ss ib le
g
ro u te s  to  the carbon sk e le to n s  of v i r t u a l ly  a l l  th e  se sq u ite rp e n o id s
7The i n i t i a l  s tep  in  th ese  c y c liz a t io n s  i s  envisaged  as removal 
o f the  pyrophosphate an ion  accompanied by p a r t ic ip a t io n  o f e i th e r  
the  c e n t r a l  or te rm in a l double bonds le ad in g  to  the  in te rm ed ia te  
n o n -c la s s ic a l  c a tio n s  (7 -9 ) . The form al charge re p re s e n ta t io n  
‘i s ,  of co u rse , on ly  a convenient symbolism and i s  n o t meant to  
re p re s e n t  th e  enzym atic p ro cesses  in v o lv ed . I t  i s  p o ss ib le  th a t  
. i n  Ocotea c a p a r ra p i . f a m e s y l  pyrophosphate, o r a r e la te d  sp e c ie s , 
i s  en zy m atica lly  bound in  such a fa sh io n  th a t  p ro c e sse s  o th e r  th an  
c y c l iz a t io n  predom inate. The n a tu re  of the  a c y c lic  c o n s t i tu e n ts  
o f th e  e s s e n t ia l  o i l  was th e re fo re  of i n t e r e s t .
F ig .  2,
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1.2 DISCUSSION
P re lim in a ry  exam ination o f c ap a rra p i o i l  (Sample 1; see 
Table 3 , p .26 ) u s in g  the  techn iques of GLC and TLC in d ic a te d  
th e  presence  of th re e  c o n s ti tu e n ts  in  the r a t i o  90 : 9 s 1 
whose r e te n t io n  d a ta  were c o n s is te n t  w ith  those o f mono-, d i~  
and t r i -h y d ro x y la te d 's e s q u ite rp e n e s . The observed s im p lic i ty  
of c o n s t i tu t io n  of the  o i l ,  and the  marked d if fe re n c e s  in  p o l a r i t i e s  
of the  components, prompted chrom atographic s e p a ra tio n s , which 
r e s u l te d  in  the  i s o la t io n  of n e ro lid o l ,  c a p a rra p id io l snd 
c a p a r ra p i t r io l#
I s o la t io n  and C h a ra c te r is a tio n  of N e ro lid o l„
Dr. CoJ.W. Brooks and Dr. J* Borges d e l C a s t i l lo ,  perform ed
the  i n i t i a l  in v e s t ig a tio n s  of sample 1. They is o la te d  n e ro lid o l  (2) ,
the  m ajor c o n s t i tu e n t ,  as an u n s ta b le , c o lo u rle ss  o i l .  A nalysis
in d ic a te d  the form ula C^Fb^O, Evidence fo r  the  correspondence
of t h i s  sample w ith  (+ )~ S -n ero lid o l was o b ta ined  from i t s  in f r a - r e d ,
NMR and mass s p e c tra , i t s  p h y s ica l c o n s ta n ts  ( r e f r a c t iv e  index and
o p tic a l  r o ta t io n )  and GLC p ro p e r t ie s .  C aparrap i o i l  appears to  be
th e  r i c h e s t  source of n e ro lid o l  so f a r  d e sc rib e d , and would th e re fo re
\
appear to  be p o te n t ia l ly  of value to  the  perfum ery in d u s try  in  
which th e  frag ran ce  of n e ro lid o l  i s  w idely  u t i l iz e d #
10
5 0 0 0  4 0 0 0  3 0 0 0  2 0 0 0  1800 1600 1400 1200 IOOO 8 0 0  650
cm
L iq u id  f i lm  IB s p e c t r a  o f  n e r o l i d o l  (2 ))$> c a p a r r a p id io l  ( 1 0 ) ,
and c a p a r r a p i t r io l ( l 2 ) *
9The S tru c tu re  of Cap a r ra p id io l  (3 ,l l~ d th y d rox y ~ 3 s7 * ll- tr im e th y l-  
dodeca-.1, 10-d.iene) 0
We have subsequently  is o la te d  c a p a rra p id io l (1 0 ), the 
secondary c o n s t i tu e n t  of c ap a rra p i o i l  (sample 1) as a c le a r ,  
f r a g r a n t ,  v isco u s o i l  which decomposed ra p id ly  on exposure to  a i r ,  
b u t which could be s to re d  under e th an o l a t  0°Go
A nalysis in d ic a te d  the com position ^^28^2® form ula
was supported by the mass spectrum which suggested  a sesq u ite rp en e  
d io l  (m olecular ion  m^ e 210, observed to  dehydrate  th e rm a lly  in  
the M89 probe over a p e riod  o f f iv e  m inutes w ith  lo s s  of 36 
mass u n i t s ) » An a cy c lic  s tru c tu re  was shown by hydrogenation: 
uptake o f two moles o f hydrogen was evidenced by mass spectrom etry  
of the  product* D if f ic u lty  was experienced  in  a c e ty la t io n  and 
t r im s th y ls i ly la t io n  of the  d io l  under normal c o n d itio n s , in d ic a t in g  
th e  p resence of t e r t i a r y ,  or h indered  hydroxyl groups,. The in f r a ­
red  sp e c tra  ( l iq u id  f ilm  and carbon te t r a c h lo r id e  s o lu tio n )  were 
found to  be c lo se ly  s im ila r  to  those of n e ro l id o l ,  excep t f o r
in c reased  ab so rp tio n  in te n s i ty ; in  the hydroxyl reg io n  (F ig c 3 ) 0
-1Strong bands near 92.0 and 1000 cm in d ic a te d  the  presence  of a
v in y l group* .The NMR spectrum (60 Me; Fig* 4-) confirm ed t h i s
s t r u c tu r a l  f e a tu re ,  showing ty p ic a l  m u lt ip le ts  cen tred  on X  1*06
\
and 4.„80o This l a t t e r  m u lt ip le t  a lso  con tained  the  o le f in ic  p ro to n  
on S in g le ts  due to  the iso p ro p y lid en e  grouping appeared
a t  T  8*30 end 8 .3 6 0 Two u n s p l i t  peaks a t  T  8 ,71  and 8„82 -were 
assigned  to  m ethyl groups a t  t e r t i a r y  a lc o h o lic  c e n tre s .  A peak
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Mass spectral fragmentation of caparrc\pidiol bis-TMS ether
J-VV
a sc rib e d  to  two hydroxyl p ro tons a t  /t ' 7.95  d isap p eared  on D^ O 
exchangeo A ll assignm ents were supported by in te g ra tio n *
C ap a rrap id io l was observed to  dehydrate when l e f t  in  e th an o l 
fo r  se v e ra l days on alumina* N ero lid o l was id e n t i f i e d  by 
com parative GLC as a major p ro d u c t. The s k e le ta l  a f f i n i t y  of 
n e ro l id o l  and c a p a rra p id io l was thus in d ica ted*
The b i s - t r im e th y l s i ly l  d e r iv a tiv e  of c a p a rra p id io l was 
formed q u a n t i ta t iv e ly  by d is s o lu t io n  of the  d io l  in  hexam ethy ld isilazane  
and a c a ta ly t ic  t ra c e  of tr im e th y lc h lo ro s ila n e , and h e a tin g  in  a 
sea led  tube a t  160° fo r  sev e ra l hours* C ap a rrap id io l b i s - t r im e th y l s i ly l  
e th e r  was thus c h a ra c te r iz e d  by combined gas chromatography-mass 
spectrom etry  (GC-MS). The fo llow ing  s ig n if ic a n t  io n s  were observed! 
ra//e = 384 (0 . 5m)" (p a ren t io n ) ; = 301 (0 . 5m) ( lo s s  of C^H-^ 
by cleavage a t  ~ 2<?4 (M-(CH^)^SiOH);
m//e = 204 0 $ )  (M-2x(CH3 )3SiOH); = 199 (25%) (C(6)~ C(?) c leav ag e);
m^ e ~ 143 (100%) ( C c l e a v a g e ) .  The d e f in i t iv e  frag m en ta tio n s  
are o u tlin e d  in  F ig . 5*
The above evidence confirm s s tru c tu re  (10) fo r  c a p a r ra p id io l , 
r a th e r  than  the  a l te rn a t iv e  s tru c tu re  (11) :  the  r e l a t iv e  c o n fig u ra tio n  
rem ains to  be determ ined, bu t the  co-occurrence of c a p a rra p id io l w ith  
(+ )-S -n e ro lid o l would suggest a common b io g e n e tic  o r ig in  and i tv
m ight th e re fo re  be expected th a t  c a p a rra p id io l w i l l  have th e
•^Except as otherw ise s ta te d ,  mass sp e c tra  were recorded  
u sing  the  LKB 9000 gas chromatograph-mass spec tro m ete r.
Percentage ion  abundances are  cited, w ith  re s p e c t  to  the 
base peak.
1 1
(+ )-S -c o n fig u ra tio n  a t  ^r00^ would depend on in tro d u c in g
a s u i ta b le  chromophore, and c o r re la t in g  the C otton Curve w ith  
t h a t  of a model compound0
The b io g e n e tic  o r ig in  of c a p a rra p id io l could  conceivab ly  
involve th e  enzymatic M arkovnikoff h y d ra tio n  of n e ro l id o l .
(An analogous hy d ra tio n  rep o rte d  in  the l i t e r a t u r e  ^ invo lved  the 
M arkovnikoff a d d itio n  of w ater to  H '-io n o n e , u s in g  su lp h u ric  a c id  
in  w a te r ) . I t  i s  perhaps a lso  p o ss ib le  th a t  c a p a rra p id io l is ' 
the  b io g e n e tic  p recu rso r of n e ro lid o l  in  Ocotea c a p a rra p i.
C ap a rrap id io l i s  the  f i r s t  re p o rted  n a tu ra l ly  o ccu rrin g  
a c y c lic  sesq u ite rp en e  d io l .
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The S tru c tu re  of C g .n a rrap itriol* (3 <. 7 1 1 - t r i h y d roxy-3 ^7 , 11-t r imothy].-  
d o d e c a -l-e n e )
F u r th e r  e lu t io n  of the  chrom atographic column from which
n e ro l id o l  and c a p a rra p id io l were o b ta in ed , y ie ld e d  11 c a p a r r a p i t r io lu
( 12) as a s ta b le  c r y s ta l l in e  compound* A nalysis in d ic a te d  the
s t ru c tu re  C-, rH0 Ck* This compound was a lso  observed to  dehydrate  Jo j>
on an alum ina column, a ffo rd in g  p r in c ip a l ly  n e ro l id o l  and
c a p a r ra p id io l ,  as shown by com parative TLO and GLC*
The in f r a - r e d  spectrum of c a p a r r a p i t r io l  (m elted f ilm :
Fig* 3? p* 9 ) c lo se ly  resem bled those of n e ro lid o l  and c a p a r ra p id io l ,
b u t showed more in te n se  hydroxyl ab so rp tio n  and d im inished  o le f in ic
absorp tion*  These r e s u l t s  confirm ed the c lo se  r e la t io n s h ip  o f th e
th re e  a lcoho ls*  S o lu tio n s  of the t r i o l  in  CCl^ showed a sharp  
-1peak a t  3610 cm corresponding to  non-bonded hydroxyls: a broad
-1peak a t  334-0 cm d isappeared  on d i lu t io n ,  in d ic a t in g  i n t e r -  m o lecu lar 
hydrogen bonding*
The NMR spectrum (Fig* 6 ) confirm ed s t ru c tu re  (12), the  
fo llo w in g  assignm ents being supported by in te g ra t io n s  two m u lt ip le ts  
c en tred  a t  T  =4-*06 and X = 4-*82 (v in y l group) ; a sharp s in g le t  
a t  "X — 7*87 which corresponded to  th re e  hydroxyl p ro to n s  and 
d isappeared  on D„0 exchange; a d if fu se  peak a t  ^  8.60  (methylene 
p ro to n s ) ; two s in g le ts  a t  Y  = 8074 and 8 .86  (two m ethyl groups a t  
t e r t i a r y  a lc o h o lic  c e n tr e s ) ,  and a sharp s in g le t  a t  = 8 .8 1 , 
c h a r a c te r i s t i c  of a gem-d im eth y l a tta ch ed  to  a t e r t i a r y  a lc o h o lic  
c en tre  0
OR
V e  301. ( 1%)
+0 R
m /e 151  
(3 0 *  )■
t
R = SiMe,
OR
OR
OR
rn/e (!% }
i
OR
T
*  ' V < \
m /e. 143 (.100# }
m/e. 2 8 9 - ( :3%)
Mass s p e c t r a l  fra ^ E ien ta tio n  o f  c a p a r r a p i t r i o l  tr is -T M S  e th e
1 3
The th re e  a lco h o ls  (2 ) ,  (10) and (12) were found to  give 
s im ila r  mass sp e c tra  as a r e s u l t  of i n i t i a l  therm al dehy d ra tio n  
fo llow ed by complex fragm en ta tion  (F ig , 11, p ,1 7  )*
O a p a rra p itr io l  t r i 's - t r im e th y l s i ly l  e th e r  was p rep ared  in  the 
manner a lread y  d esc rib ed  fo r  t e r t i a r y  a lc o h o ls , and c h a ra c te r is e d  
•by i t s  gas-chrom atographic r e te n t io n  and by GC-MS, a ffo rd in g  th e  
•fo llow ing s ig n if ic a n t  io n s :
m4  = 384 (0.555) (M- (CH^SiOH)} m/e = 301 (155) (c leavage a t  
°(V) “ ° ( 8 ) h  ™^ e = 28^ (cleavage a t  C(7 ))> e = 21-L
{1U%) (301 -(C H p y iO H ); m/e = 199 (855) (289 ~(CH3 ) 3SiOH);
= 143 (100/5) (cleavage a t  p  o \_ ^n\ ) >  e = 131 (30/5) (c leavage 
a t  C(10) “ ° ( 11))- The most im portan t frag m en ta tio n s  a re  i l l u s t r a t e d  
in  F ig , 7*
O a p a rra p it r io l  (12) th e re fo re  re p re se n ts  the  f i r s t  re p o rte d
n a tu ra lly -o c c u r r in g  a cy c lic  sesq u ite rp en e  t r i o l ,  I t  p o s s ib ly
corresponds to  T a p ia 's  acid  ( t r i o l  mpe 96-97°, 3°j
T a p ia 's  ac id  mp. 86° ,  3°) since i t  i s  n o t inco n ce iv ab le  t h a t
o a p a r r a p i t r io l  would be e x tra c te d  during  an aqueous b ica rb o n a te
trea tm en t of the  e s s e n t ia l  o i l :  on the  o th e r hand, Tapia d e sc rib ed
s i lv e r  and calcium  s a l t s  of h is  ac id  which are  le s s  e a s i ly  re c o n c ile d
\
w ith  a no n -ac id ic  s t ru c tu re .
Again, the  b io sy n th e tic  o r ig in  i s  a m a tte r of specu la tion*
The s im p le s t ex p lan a tio n  would invoke- enzym atic h y d ra tio n  o f a 
n e ro lid y l  or fa rn e sy l p re c u rso r0
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The S tru c tu re  of D ihvdroxvcararra u i A c ( M e t h v l - 7 * 11-dihydroxy- 
line t hy 1-d ode c anoa t e ) ,
Follow ing i n i t i a l  s tu d ie s  by Dr. C.J.W. Brooks, the a c id ic
f r a c t io n  o f Sample 4 (see Table 3, p . 2b ) of c ap a rra p i o i l  was
m ethy la ted  and chromatographed, a ffo rd in g  an in se p a ra b le  m ixture
o f two iso m eric , monocyclic h y d ro x y -es ta rs , and a p u re , though
n o n -c ry s ta l l in e  d ih y d ro x y -es te r . E lem ental a n a ly s is  o f t h i s
compound was n o t s a t i s f a c to r i ly  achieved , an a ly ses  c o n s is te n t ly
in d ic a t in g  the  form ula c i6 H32 ° r  ^ZR^Oo Mass s p e c t r a l  a n a ly s is
o f the  d ih y d ro x y ester and i t s  corresponding b i s - t r im e th y l s i ly l
d e r iv a t iv e  were in  accord w ith  the  form ulae andlb  32 4
C16H30°4 j h°wever«
The in f r a - r e d  d a ta  ( liq u id  f ilm  and CC1. s o lu tio n )  suggested4
the  presence  of two hydroxyl groups and confirm ed the  p resence  o f 
an e s t e r D The fo llow ing  assignm ents could be made in  th e  MR 
spectrum  (F ig . 8 ) :  X 6032 (3H, s in g le t ;  CO^Me); x  7*8 (2H, m u lt ip le t ;  
CEUCO^Me); X 8 .57 (m u lt ip le t ,  m ethylenic p ro tc n s ) ;  T 8.78  (6K, s in g le t ;  
2x GH3~CR2CH); ^ 8.83  (3H, s in g le t ;  CH^-CR^H); r 9 * 0 5  (3H, d o u b le t; 
CH^-CHR^), P re lim in ary  exam ination of th e se  s p e c t r a l  d a ta  suggested
(13) and (14) as p o ss ib le  s t r u c tu r e s 0
D e fin itiv e  s t r u c tu r a l  d a ta  were ob ta ined  by GC-MS exam inations
of the  b i s - t r im e th y l s i ly l  e th e r ,  and of the t r i s - t r i m e t h y l s i l y l  
e th e r  of the  t r i o l  ob tained  by lith iu m  aluminium hydride re d u c tio n  
of the d ih y d ro x y -es te r. The frag m en ta tio n s  o u tlin e d  in  F ig s , 9 end 10 
were c h a r a c te r i s t ic  and s tro n g ly  supported s t ru c tu re  (13)«
F ig -  9
RO
m / e  2 5 9 (1 0 0 % )
R = Si (M e)
.OR OR
OR
OR
m /e  373(1%)
OR
m /e  432  (<1%)
OR
m/e'289(10%)
m /e131(B 0% )
OR
m /e  173(10%)
i
i
i
i
7
M ass  spectra l  fragm entat ion  of bis - T M S  e th e r  of  cJi-hydroxy-
ester.
F ig*  3.0
CHgOR
X
m/e 289
(5%)
m/e 303
A
to/ e  4 7 6  ( 0 * 5 / )
I
T
.c h2o r
CHoOR
m/e 145 (6%}
= 6 r
m/e 103 (10%)
R =  S iM e3
w/e  131 (62%)
Mass spectral fragmentation of tris-TMS ether of tr io l (15)
15
On comparison of the NMR spectrum of (13) (see F ig . 8 ) w ith  
th a t  of 'methyl is o v a le ra te  i t  was found th a t  the methylene p ro to n s  
ad jac e n t to  the  e s te r  fu n c tio n  appeared as a m u l t ip le t ,  whereas 
in  m ethyl is o v a le ra te  a doub le t was ap p aren t. This i s  caused 
by the  p ro - c h ir a l  na tu re  of the ct -m ethylene group in  (13) s as a 
consequence of the  asymmetric c en tre s  in  th e  a c y c lic  sk e le to n  the  
m ethylene p ro tons are n e c e s sa r i ly  no n -eq u iv a len t so th a t  the  
AB^  system in  methyl iso v a le ra te  becomes an ABB  ^ system in  the  
dihydroxy e s te r .
The benzene-induced so lv en t s h i f t s  o f the v a rio u s  groups in  
(13) have been compared w ith  those o f m ethyl i s o v a le r a te ,
TABLE 1,
Dihydroxy E ste r (13) Methyl is o v a le ra te
CDCl, C6H6 ^ A(ppm.) CDC10 y. W A(ppm .)
6.32 (3H) 6.60 + 0,28 6.33 (3H) 6 . 6/. + 0 .31
7.80 (2H) 7.87 + 0.07 7 .81  (2H) 7 .98 + 0 .17
8 . 56) 
8 . 6p  
8 .78  ’
(12H) 8.60 + 0o04 -
8.70 + 0 .06 ' - -
(6H) 8.89 + 0 , 11* - - -
8.83 (3H) 8.93 + 0 . 10* - -
9 . 00) 9.05 + 0.05 8.99) 9.10 + 0 .10
)
9 . 10)
(3H)
9.15 + 0o05
) (3H) 
9 . 10.) 9 .20 + 0 .10
# The benzene-induced so lv en t s h i f t s  f o r  t-b u ta n o l  were a lso
measured, and A ( ^  C ^ -^ C D C l^ )  observed to  be + 0 ,09  ppm.
The s h i f t s  observed fo r  the t e r t i a r y  m ethyl groups in  (13) a re  
th e re fo re  due to  ccmplexing of the t e r t i a r y  hydroxyls w ith  benzene 
r a th e r  than complexing of the e s te r  fu n c tio n  w ith  benzene.
16
P a ra lle lis m s  were observed (Table 1) a lthough the  s h i f t s  fo r  (13) 
were a l l  s l ig h t ly  lo v e r0 This may be due to  g re a te r  s t e r i c  
in h ib i t io n  of the benzene complex by the  a cy c lic  ch a in .
The sp ec tro sco p ic  da ta  o u tlin e d  (vide su p ra ) a re  th e re fo re  
c o n s is te n t  w ith  the  h i th e r to  unrepo rted  s tru c tu re  m ethy l-7 , 11-  
d ihydro2y~3 , 7 ,ll~ trim eth y l~ d o d ecan o ate  (1 3 )o E lem ental an a ly ses  
o f t h i s  e s te r  and i t s  red u c tio n  p roduct (15) (see F ig . 2) were in  
accordance w ith  a 2 :1  complex w ith  w a ter0 This may be due to  
hygroscopic ab so rp tio n  of atm ospheric m o is tu re , r a th e r  th an  th e  
occurrence of a d is c re te  hydrogen-bonded complex,
, The b io g en es is  of th i s  compound, i f  i t  i s  formed from a f a rn e s y l  
o r n e ro l id y l  p re c u rso r , m ust• involve h y d ra tio n , re d u c tio n  and 
o x id a tio n .
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Trime i.h y ls ily l d e riv a tiv e s  are of w idespread value in
a n a ly s is .  The u t i l i t y  of t r i n e th y l s i lv l  e th e rs  fo r  m icro-
s e p a ra tio n  and c h a ra c te r iz a tio n  of hydroxylic compounds i s
in c re a s in g ly  recognised . They are re a d ily  p re p a ra b le , 10 * 11
.even from many t e r t i a r y  a lco h o ls, they are of low p o la r i ty ,  and
the  range of p o la r i t ie s  from mono-ethers to  the d e r iv a t iv e s  o f
p o ly o ls  i s  sm all: these p ro p e rtie s  render them h ig h ly  s u ita b le
12f o r  gas chromatography, and fo r  group sep a ra tio n s  by TLC or
13 14column chromatography, 5 Separations of in d iv id u a l d e r iv a t iv e s
may a lso  be achieved by using so lven t systems pf low p o la r i t y 0 
M oreover, they  undergo c h a ra c te r is t ic  mass spe.ctrom etric
frag m e n ta tio n s , freq u en tly  involving f is s io n  ad jacen t to  the e th e r
15, 16 , 17, 18, 19 j_ • + -u . .group > > >  * • <jue co n sidera tion  must be given to  the
p o s s ib le  occurrence of rearrangem ents in  c e r ta in  examples (see p . 98 ).
The mass sp ec tra  of n e ro lid o l, c ap a rra p id io l and o a p a r r a p i t r io l ,
'm easured during  the i n i t i a l  s tu d ies  of the o i l ,  were of l im ite d
value  owing to  dehydration to  hydrocarbons (probably both  th e rm a lly ,
and by 1 ,3  and 1 ,4  e lim ina tion  processes) which gave s im ila r  mass
s p e c tra  (F ig . 11) 0 The methyl e s te r  of d ihydroxycaparrapi ac id  a lso
su ffe re d  ex tensive  dehydration in  the rnhss sp ec trom eter0 The
corresponding  t r im e th y ls i ly l  e tn e rs , nov/ever, gave s ig n ii ic a .n t ,  thougn
weak m olecular io n s , and gave w ell-aeiineo. fragm ents conveying
u s e f u l  s t r u c tu r a l  inform ation (F igs. 5 srd  7, p , 1 0 ,1 3 )
16
The a p p lic a tio n  of combined GC-MS to  these  d e r iv a t iv e s  was a 
d e c is iv e  fa c to r  in  the e lu c id a tio n  of the s t ru c tu re s  ox the 
p a re n t hydroxy-compounds0 The procedure c le a r ly  has g en e ra l u t i l i t y .
F ig .  12
7 5 0  6 5 0IO O O125015002000 17503 0 0 0
IR s p e c tru m  ( l i q u i d  film )} o f  c a p a r r a p i  o x id e
NMR sp e c tru m  (6 0 M c /s .) o f  c a p a r r a p i  o x id e  i n  CDC1.
C erta in  samples of caparrapi o i l  (3 and 4 , Table 3 , p .2 6 ) 
co n ta in ed , as a r e la t iv e ly  abundant c o n s ti tu e n t, a compound,
1 0 0 °  i ; o ,u n a ffe c te d  by mild a ce ty la tio n , having a r e te n tio n  index I  ' 14'~0j
’ * SS-30
and y ie ld in g  in  i t s  mass spectrum main peaks a t  ^ e  222 (M+) ,
207, 189, 137, 124, and 109 (fig® 20). Accurate mass measurement 
m/o f th e  io n  a t  1 e 124 (MS 9 mass spectrom eter) gave a value
124.1205 * calcd*fo r 124.1252 £ fo r  CgH^O, 124.0888.
The u n u su a lly  sh o rt re te n tio n  time in  r e la t io n  to  m olecular w eight
to g e th e r  w ith  the mass sp e c tra l data  (rem in iscen t of b ic y c lo fa rn e sy l
d e r iv a t iv e s )  prompted fu r th e r  in v e s tig a tio n  of th i s  component, which
we have named caparrap i oxide.
C aparrap i oxide was re a d ily  is o la te d  as an o i l  from th e  n e u tra l
f r a c t io n  by column chromatography, and shown to  be homogeneous by
GLC on th re e  phases of graded p o la r i ty  (1$ 0V-1, 1% 0V-17 and
203% 0V»22) which have been noted fo r  th e i r  u t i l i t y  in  sep a ra tin g
double bond isomerso
A nalysis  of caparrap i oxide ind ica ted  the e lem ental com position
C ,-1^ ,0  which was in  agreement w ith the mass s p e c tra l  m olecular io n . 
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The in f r a - r e d  spectrum (liq u id  film , F ig . 12) in d ic a ted  the presence
of a v in y l group (vmax 3080, 1840, 9^0 and 920 cm ) ,  w hile bands
in  the  C~0 s tre tc h in g  region (vmax 1047, 1080, and 1120 cm ) were
21 2?a t t r ib u ta b le  to  a tetrahydropyran ring* * hydrogenation (Pa—C)
J.' -i-£,o lj)
HO.
2 16 17
OH
18
*CHMe R 19 , R=CHO
2 0 , R=CH OH •
2 1 , R=CHpOTMS
2 2 , R=CHpCH 
R=CH OirCH OH23*.
24 , R=CHOTMSCHpOTMS
25, R-CHNOCH
R=CHBrCHpBr.26,
27 28 29
F i g *  iJ r
C l i a r a c t e r i s t i c  .f ra g m e n ta tio n s  o f  c a p a r r a p i  o x id e
I
a l l y l i c  s t a b i l i z a t i o n ;  M‘-  (j_5+l8 )•
HO-
1 , k -  e l im in a  t  i  o n 
C6 -mejnbered 
t r a n s i t i o n  s t a t e ) .
R e t r o - D ie ls  A ld e r
-Me,
m/e 109
a l t e r  n a t iv e  RUA
4-
— >
m/ e  68
\
R in g -o p en ed  p ro d u c t  o f  c a p a r r a p i  o x id e
T
1 , -  e lim in a . t  i  o n
affo rd ed  a dihydro-compound (MoW0224 from mass spectrom etry) showing
no v in y l absorp tion*
Ths NMR spectrum  (60 H e/sec; Fig* 12) showed a ty p ic a l  v in y l
m u l t ip le t ,  which was n o t fu r th e r  coupled, in d ic a tin g  an a d jacen t
t e r t i a r y  carbon atom* Four m ethyl groups could be d is tin g u ish ed
by s in g le t  peaks a t  X  9 .10 and 9o'20 and (two superimposed) a t  8.70*
The absence of m ethylenic s ig n a ls  below X  8 in d ic a te d  th a t  the
e th e re a l  oxygen was flanked  by t e r t i a r y  carbon atoms*
The above s p e c tra l  d a ta  suggested th a t  c ap a rra p i oxide possessed
the  g ross s tru c tu re  (16) ,  fo rm ally  d e riv ab le  by c a tio n ic  c y c l is a t io n
of n e ro lid o l*  The a l te rn a t iv e  s tru c tu re  (17) i s  in c o n s is te n t  w ith
NMR d a ta : the se p a ra tio n  (cps) of peaks a sc rib e d  to  the geminal
m ethyl groups was p ro p o r tio n a l to  the  app lied  frequency , and double
i r r a d ia t io n  confirm ed the  absence of an iso p ro p y l group. Mass
sp ec tro sco p ic  d a ta  (F ig . 14) were a lso  in  b e t te r  accord w ith  (16)»
Reduction of c ap a rrap i oxide w ith  li th iu m  in  l iq u id  ammonia
•gave m ainly (ca . &5% as judged by GLO) the  expected p roduct (18),
This was n o t i s o la te d  in  a pure s t a t e ,  bu t was c h a ra c te r is e d  by
NMR, which in d ic a te d  f iv e  m ethyl groups (peaks a t  x  8 ,40 (b road ),
8.44  (cen tre  of d o u b le t) , 8 . 84 , 9 .05 and 9 .19 ( s in g le ts )  ) ,  a s in g le
o le f in ic  p ro to n  ( /!  ca . 4 . 75 , m u ltip le t) i and two a l l y l i c  p ro tons of
a methylene group ( ' I  ca. 7 .9 , m u l t ip le t ) .  The IR spectrum inc luded
v  ^ 830 end 1660 cm  ^ -  O'/" , The mass spectrum (F ig . 14)max
was a lso  c o n s is te n t  w ith  s tru c tu re  (18), A p o ss ib le  r a t io n a l iz a t io n
zu
a ffo rd ed  a dihydro-compound (MCW0224 from mass spectrom etry) showing
no v in y l absorp tion ,,
The NMR spectrum  (60 M c/sec; F ig , 12) shoved a ty p ic a l  v in y l
m u l t ip le t ,  which was n o t fu r th e r  coupled, in d ic a t in g  an a d jac e n t
t e r t i a r y  carbon atom* Four m ethyl groups could be d is tin g u ish ed
by s in g le t  peaks a t  X  9.10  and 9 o'20 and (two superimposed) a t  8 ,7 0 .
The absence o f m ethylenic s ig n a ls  below X  8 in d ic a te d  th a t  the
e th e re a l  oxygen was flanked  by t e r t i a r y  carbon atoms.
The above s p e c tra l  d a ta  suggested th a t  c ap a rra p i oxide possessed
the  g ross s tru c tu re  (16) ,  fo rm ally  d e riv ab le  by c a tio n ic  c y c lisa t.io n
of n e ro l id o l .  The a l te rn a t iv e  s tru c tu re  (17) i s  in c o n s is te n t  w ith
NMR d a ta : the se p a ra tio n  (cps) of peaks a sc rib e d  to  the gerninal
methyl groups was p ro p o r tio n a l to  the app lied  frequency , and double
i r r a d ia t io n  confirm ed the absence of an iso p ro p y l group. Mass
sp ec tro sco p ic  d a ta  (F ig , 14) were a lso  in  b e t te r  accord w ith  (16),
Reduction of cap a rrap i oxide w ith  li th iu m  in  l iq u id  ammonia
■gave m ainly (ca. 85% as judged by GLG) the expected p roduct (18),
This was n o t is o la te d  in  a pure s t a t e ,  b u t was c h a ra c te r is e d  by
NMR, which in d ic a te d  f iv e  methyl groups (peaks a t  X 8 .40 (b road),
8 . 44- (cen tre  of d o u b le t) , 8 . 84 , 9 ,05 and 9 d 9 ( s in g le ts )  ) ,  a s in g le
o le f in ic  p ro to n  ( X  ca . 4 . 75? m u ltip le t^  and two a l l y l i c  p ro to n s  of
a methylene group ( X  ca . 7.9> m u l t ip le t ) , The IR spectrum  inc luded
v 830 and 1660 cm"*^  ( 30 -  0 " ^  • The mass spectrum  (F ig , 14)max
was a lso  c o n s is te n t  w ith  s tru c tu re  (18). A p o s s ib le  r a t io n a l iz a t io n
of the  frag m en ta tio n  i s  shown in  F ig , L 0^ Hydrogenation re s u l te d
in  fo rm ation  of the  dihydro-compound, the IR spectrum  of which showed
no o le f in ic  ab so rp tio n . The mass spectrum was c o n s is te n t  w ith  the
proposed structure©
C aparrap i oxide was converted smoothly by OsO//NaIO. cleavage
4
to 't h e  aldehyde (19)* NMR showed s in g le t  peaks fo r  th e  gem-dimethyl
group ( X  9*15, 9*20) and fo r  the  methyl groups f la n k in g  the e th e r
oxygen ( X  8*70 and 8 „80, c o n s is te n t w ith  the  expected  sm all change
in  s h ie ld in g ) . The aldehyde p ro ton  appeared as a sharp  s in g le t  a t
X  0,42c The in f r a - r e d  spectrum  (CGI so lu tio n )  showed two carbonyl
4 .
ab so rp tio n s  a t  3-740 crrT^ (£a, ca , 320) and 1732 crn” ^ (Ga, ca , 200) whi
could perhaps be a t t r ib u ta b le  to  aldehyde re ta in e rs .
Reduction of the aldehyde affo rd ed  a lco h o l (20)« The in f r a - r e d
spectrum (CC1 .) showed a s tro n g ly  in tra -m o le c u la r ly  bound, hydroxyl 4
group (v 3570 cm” , £ a 40, u n a ffec ted  by d i lu t io n ) .  This bondedTflclX *
form was a lso  obvious in  the NMR spectrum , in  which two w ell d e fin ed  
d o u b le ts  cen tred  on 6,72 and 6,90 ( J~3.0 c /s )  could be a t t r ib u te d  
to  the hydrogen-bonded hydroxymethylene fu n c tio n .
S tru c tu re  (16) was s tro n g ly  supported by comparings i t s  s p e c tr a l  
d a ta  (IR, MS and NMR) w ith  those of manoyl and epimanoyl oxides
v
(28 and 29) and the monoterpenoid oxide (27)© The IR spectrum  of 
c ap a rrap i oxide (F ig , 12) c lo se ly  resem bled those of (27) (28) and
O O a i /~) r*
(29) p in  accordance w ith  the proposed correspondence of the
te trah y d rcp y ran  r in g  system and v in y lic  group. In  th e  mass spectrum ,
F ig .  15
1I
. 13-Epinrianoyl oxide.
ot
b ca
(R em ' in ted  from: T e t r a h e d r o n , 18 , 1 7 3 , 1 9 6 2 )
26 +in  th e  sp e c tra  of (28) and (29), The abundant M -15 io n  i s  a
consequence of the s ta b i l iz e d  oxonium .ion ob ta ined  by the
frag m en ta tio n  d ep ic ted  in  F ig , ]4» The au th o rs  o f the  manoyl
oxide mass s p e c tra l  p u b lic a tio n  o f f e r  no ex p lan a tio n  fo r  the  lo s s
of .w ater from the oxonium io n . We suggest a p la u s ib le  pathway fo r
•the corresponding  lo s s  in  c ap a rrap i oxide as being  th a t  d e p ic ted ,
• C aparrap i oxide a lso  e x h ib it  the two R e tro -D ie ls  A lder p ro cesses
which can th e o r e t ic a l ly  occur in  the te trah y d ro p y ran  r in g .  The
mass sp e c tra  of a s e r ie s  of d e r iv a tiv e s  of the  oxide (19 -  26)
were unrem arkable, a p a r t from the  common presence of abundant io n s  
/
a t  e 177 and 3-95* The l a t t e r  i s  the  s ta b i l iz e d  oxonium io n
formed by lo s s  of a lk y l r a d ic a l  (19 > CHO; 20, CH^OH, e t c . )  r a th e r
m/than  the  m ethyl ra d ic a l,, The io n  a t  e 177 re p re se n ts  lo s s  of 
w ater from the  r e s u l ta n t  oxonium ion  (co rro b o ra ted  by a m etastab le  
peak a t  m^ e 160,9)*
TABLE 2.
Chemical S h if ts  o f Methyl Groups (CDCL^)
Manoyl oxides C aparrapi oxide and d e r iv a tiv e s
0x1136 ° (8 )  C(13) Ref- 0x156 ° (8 )  C(10) ° (4 )
28 8 .73  8 .73  (27 ) 16 8 .70  8 .70 9 .10  9 .20
8.78 8 .80  (28  )
29 8.92 8.83 ( 27 ) 19 '  8 .70  8 .80 9.15 9 .20
8.89 8 .80 (28  ) 20 8.72 8 .84  9 .12 9 .24
. . 27 ,28
The pub lished  NMR spectrum  of (28) (F ig . 15) i s  c lo se ly
s im ila r  to  th a t  of ( lo ) ,  p a r t i c u la r ly  in  the v in y lic  re g io n .
34
34 — >
\
OH QHOH
M oreover, th e  chem ical s h i f t s ,  o f the  and C m e t h y l  groups
of c ap a rra p i oxide (Table 2) are alm ost id e n t ic a l  to  those  of th e
and m ethyl groups of manoyl oxide# The im p lied  c i s -
c o n f ig u ra tio n  of the  methyl groups in  c ap a rrap i oxide must be t r e a te d
w ith  some, re se rv e  in  the absence of confirm atory  evidence,,
The co-occurrence of (+ )-S -n e ro lid o l and c ap a rra p i oxide would
sug g est a b io sy n th e tic  l in k ,  invo lv ing  the  c a tio n ic  c y c liz a t io n  o f
n e ro l id o l  as d ep ic ted  in  F ig . 16. In  accordance w ith  the p o s tu la te
29of a n t i -p e r ip la n a r  c y c liz a tio n  , the  e n e r g e t ic a l ly  most fav o u rab le  
p ro d u c t w i l l  r e s u l t  from the in c ip ie n t  carbonium io n  which a ffo rd s  a 
t r a n s  -  a n t i  -  tra n s  !d eca lin ~ ty p e* system. The m echan istic  
requ irem en ts fo r  t h i s  a n ti-p e r ip la n a r  c y c liz a t io n  to  occur are  assumed 
to  be (a) synchronous bond form ation  tak in g  p lace  w ith  e s s e n t ia l ly  
no confo rm ational reo rg a n iz a tio n  during the re a c t io n ;  o r (b) a 
stepw ise ^ reaction  proceeding by form ation  of c o n f ig u ra tio n a lly  s ta b le  
c a tio n  in te rm e d ia te s  (e .g . b ridged  carbonium io n s ) ,  fo llow ed by 
s u f f ic ie n tly -c o n c e r te d  a d d itio n  s te p s . Exam ination of a model of 
(+ )-S ~ n e ro lid o l in d ic a te s  the expected p roduct to  be c ap a rrap i oxide 
w ith  a tra n s  r in g - ju n c tio n , and c is -o r ie n te d  m ethyl groups a t  th e  
and p o s i t io n s , as suggested by com parative NKH s tu d ie s .
In  v i t ro  r e p l ic a t io n  of th is  p rocess has n o t y e t  succeeded. 
R eactions of n e ro lid o l w ith  a v a r ie ty  of c a tio n ic  c y c liz in g  re a g en ts  
such as m inera l a c id s , form ic ac id , boron t r i f lu o r id e  e th e ra re  and 
p -to lu en esu lp h o n ic  acid  have y ie ld ed  complex m ix tu res , none of which 
con tained  dem onstrable q u a n ti t ie s  of cap a rrap i ox id e . I t  i s  c le a r
from th e se  r e s u l t s ,  th a t  cap a rrap i oxide i s  n o t an acid -produced  
a r t e f a c t .
In  r e t r o s p e c t ,  t h i s  f a i lu r e  to  achieve c y c l iz a t io n  may perhaps
30be ex p la in ed  by the- f a c t  th a t  a lco h o ls  are g e n e ra lly  s tro n g e r 
bases  than  o le f in s ,  w ith  the  r e s u l t  th a t  p r e f e r e n t ia l  p ro to n a tio n  
a t  the  hydroxyl group p rev en ts  the d e s ire d  c y c l iz a t io n  p ro c e ss . 
P o ss ib le  methods of ach iev ing  c y c liz a tio n  could invo lve  e i th e r  
(a) fo rm ation  of n e ro lid o l  te rm in a l epoxide, fo llow ed by boron 
t r i f lu o r id e - c a ta ly s e d  c y c liz a tio n  (F ig . 16), o r (b) d e r iv a t iz in g  
th e  hydroxyl fu n c tio n  in  such a way th a t  the  oxygen i s  rendered  
le s s  b a s ic ,  e .g .  by form ation  of the t r i f lu c r o a c e ta te .  Other 
p o te n t ia l  sy n th e tic  ro u te s  (F ig . 16) invo lve the  p re c u rso r  
t r a n s  -  l ,3 ,7 ,7 - te tra m e th y l-2 -o x a -3 ,4 -“d e h y d ro -b ic y c lo -(4 ,4 j0 ) decane
on
(34) which has been prepared  in  a high y ie ld  by the a c id -
c a ta ly se d  c y c liz a t io n  of gerany l acetone.
R elevan t c y c liz a tio n s  have been d esc rib ed  in  the l i t e r a t u r e ,
32n o ta b ly  th a t  of geran io lene  (30) which on tre a tm e n t w ith  d i lu te
su lp h u ric  ac id  formed the te trah y d ro p y ran  (31) by a r e v e r s ib le
p ro cess  (F ig .17)„ The p o s s ib i l i ty  th a t c ap a rrap i oxide may
th e re fo re  a r is e  in  v ivo from farnesene  cannot be p rec lu d ed , even
though no tra c e  of farnesene  was p re sen t* in  the  c ap a rra p i o i l  samples
2 5examined. D ehydro liaaloo l has been c y c lized  under s im ila r
c ircum stances to  the a ce ty le n ic  analogue (32), b u t l in a lo o l  a f fo rd s
3 a
hydrocarbon p ro d u c ts . The p e r t in e n t  a c id -c a ta ly se d  c y c liz a t io n  ^
Figo  17
r te ry l  p h o sp h a te
N »
l i n a l o o y l  p h o sp h a te
lim o n en e te r p in e n e
o f the  phosphate e s te r s  of n e ro l and -lin a lo o l occurs v ia
a n c h im e ric a lly -a s s is te d  a tta c k  (F ig . 17) of the double
bond on °£ "the te rp en e . The n o n -c la s s ic a l  io n  thus formed
can e i th e r  h y d ra te , or e lim in a te  a p ro to n . The a c id -c a ta ly se d
c y c liz a t io n  of n e ro lid o l and fa rn e so l has r e c e n tly  been the
33.su b je c t of a c a re fu l study . Complex m ix tures of m onocyclic and 
b ic y c l ic  polyenes and monoalcohols were is o la te d  in  each case , the 
pathway presum ably invo lv ing  the re a c tio n  sequence; fa rn e so l 
(n e ro lid o l)  b isa b o ly l c a tio n  •> rea rran g ed  b is a b o ly l c a tio n  -*> 
cad in y l c a tio n  cad iny l d e r iv a t iv e s .  A p r iv a te  communication from 
Dr. K lein  (Dragoco, Holzminden) d e sc rib e s  the c y c liz a t io n  of 
d eh y d rcn ero lid o l in  form ic a c id , the p r in c ip a l  p roduct of which 
appears to  be the monocyclic oxide (33 )o
In  conclu sio n , cap a rrap i oxide i s  th e re fo re  the  isoprenologue 
of the  monoterpene oxide (23) and the  d ite rp en e  oxides (21, 2 2 ).
I t s  b io g en es is  p o ss ib ly  invo lves c a tio n ic  c y c liz a t io n  o f e i th e r  
' n e ro lid o l  or fa rn e se n e .
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Comparisons of C aparrapi  O il Samp le s ♦
Five samples of c ap a rra p i o i l  were examined0 A summary of 
t h e i r  o r ig in s ,  to g e th e r  w ith  an in d ic a t io n  of the  p r in c ip a l  
c o n s t i tu e n ts  found, i s  g iven  in  Table 3c F ig s . IS  and 19, i l l u s t r a t e  
r e s p e c t iv e ly  the  r e s u l t s  o f com parative TLC and GLG an a ly ses  of th e  
n e u t r a l  f r a c t io n s  d e riv ed  from the  sam ples, w h i ls t  F ig . 20 shows 
•mass sp e c tra  recorded  fo r  peaks ob ta ined  by GLG of the  n e u tr a l  
components o f the most complex sample (No.4-)* F ig . 21 d e p ic ts  
com parative TLC fo r  the  a c id ic  f r a c t io n s 0
Sample No. 1
" "  i
The com position of t h i s  sample, which co n ta in ed  no a c id ic
m a te r ia l ,  was ex trem ely  simple as shown in  F ig s . IS and 3,9. S ep a ra tio n
o f th e  c o n s ti tu e n ts  was re a d i ly  achieved  by p re p a ra t iv e  TLC o r on a
la r g e r  s c a le ,  by column chrom atography. N e ro lid o l (90$), 
c a p a r ra p id io l  (9$) and c a p a r r a p i t r io l  (0,8%) were i s o la te d  and 
c h a ra c te r is e d .
Sample No. 2
The n e u tr a l  c o n s t i tu e n ts  of t h i s  sample accounted f o r  96$ 
o f th e  o i l ,  and were shown by com parative TLC and GC-MS to  
correspond w ith  those  of sample 1#
Sample No. 3
TLC and GC-MS s tu d ie s  on the n e u tra l  c o n s t i tu e n ts  (96$
F ig ®  1 8
1 2 3 4 5
6
o ©
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Mass spectra ,  of constituents of sample  4.
F ig .  21
a Is o m e r ic  m ono-hydroxy 
a c id s
b D i-h y d ro x y  a c id
c P ro b a b ly  m ono-hydroxy 
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by w eight) showed the p r in c ip a l  component to  be n e ro l id o l ,  to g e th e r  
w ith  a h igh  p ro p o rtio n  of c ap a rra p i ox ide0 GLC d a ta  in d ic a te d  the  
p resence of tra c e  amounts of se v e ra l o th e r components, in c lu d in g  
cap a rra p id io lo  S ap o n ifica tio n  had no s ig n i f ic a n t  e f f e c t  on the 
GLC behaviour of the m ix tu re . The most n o tab le  f e a tu re s  o f t h i s  
sample, as compared w ith  Nos. 1 and 2 , were the  s l i g h t l y  low er 
c o n ten t o f n e ro l id o l ,  and the  p resence of c a p a rra p i ox ide .
Sample No. 4
Sample No. 4 proved to  be the most complex of th e  c ap a rra p i 
o i l s  (F ig s . 18 and 1 9 ). Exam ination of the  n e u tr a l  f r a c t io n  by 
TLC d isc lo se d  a h igh  p ro p o rtio n  of r e l a t i v e ly  n o n -p o la r c o n s t i tu e n ts .  
This sample was a lso  the r i c h e s t  in  a c id ic  m a te r ia l  (10$ by w e ig h t),
i
y ie ld in g  two in sep a ra b le  isom eric  monohydroxy a c id s  (a , F ig . 21) 
and a dihydroxy ac id  (b, F ig . 2 1 ), a l l  ap p a ren tly  of se sq u ite rp e n o id  
ty p e . The n e u tr a l  f r a c t io n  was shown by com parative TLC, GLC and 
GC-MS to  c o n s is t  of a m ixture of se v e ra l components, as in d ic a te d  
in  Table 4» The p r in c ip a l  c o n s ti tu e n t  was c ap a rra p i ox ide , 
i d e n t ic a l  w ith  th e  minor component o f sample No. 3 . N e ro lid o l was 
p re s e n t in  'Sm aller p ro p o rtio n  than  in  samples 1-3• A sample o f th e  
m a te r ia l  was t r e a te d  w ith  a c e t ic  anhydride -  p y rid in e  in  a sea le d  
tube a t  160°C and the  t o t a l  p roduct examined by GLC. The r e s u l t s  
showed th a t  peaks B (cap a rrap i oxide) and C were unchanged, whereas 
the  o th e r components had e v id e n tly  re a c te d . Combined GC-MS of the  
n e u tr a l  f r a c t io n  y ie ld ed  the mass sp e c tra  shown in  F ig , 20: peaks
E and F , and peaks G end H were p o o rly  re so lv ed  in  t h i s  in s ta n c e , 
and the  co rrespond ing  mass s p e c tra ,  though reco rded  a t  the  
a p p ro p r ia te  r e te n t io n  tim es, probab ly  re p re s e n t  m ix tu res . F ig . 20 
in c lu d e s  on ly  those  re p re se n tin g  E and G r e s p e c t iv e ly .  The 
assignm ent of m olecu lar io n s  i s  u n c e r ta in  fo r  h y d ro x y lie  compounds 
because o f th e  p reva lence  o f therm al d eh y d ra tio n .
S e p a ra tio n  of the  main c o n s ti tu e n ts  o f the  n e u tr a l  f r a c t io n  
was r e a d i ly  achieved by p re p a ra t iv e  TLC (benzene). F ive  zones 
were observed , fo u r of which were e lu te d  fo r  f u r th e r  exam ination . 
GLC in d ic a te d  th a t  each con ta ined  one major component: c o r r e la t io
o f r e te n t io n  d a ta  and IL, va lu es  are  in d ic a te d  in  Table 
I n f r a - r e d  s p e c tra  were a lso  reco rd ed .
Compound A, a minor c o n s t i tu e n t ,  was n o t d e te c te d  in  the 
p re p a ra t iv e  TLC s e p a ra tio n . The mass spectrum  was c o n s is te n t  w ith  
a form ula  C-, OH b u t no f u r th e r  d a ta  have been obtained,,
JLj> f C l
Compound B, isom eric  w ith  n e ro lid o l  (mo3.ecular io n  222) was 
th e  most i n te r e s t in g  c o n s t i tu e n t:  i t s  m arkedly d i s t i n c t  mass
spectrum  prompted a more d e ta i le d  s tudy , and the s t ru c tu re  (16) 
c a p a rra p i ox ide , was e lu cid ated ,,
m /Compound C. gave an apparen t m olecular io n  a t  e 206; a 
m/sm all peak a t  e 220 seemed to  be an im p u rity . The compound i s  
presumed to  be a hydrocarbon C ^ H ^ ,  b u t has n o t been id e n tif ie d ,,
Compound D was id e n t i f ie d  as n e ro lid o l  by com parative TLC, 
GLC, IR and mass spec trom etry . Compounds E and F appear to  be 
iso m eric  w i th 'n e r o l id o l0
c . y
Compounds G and H appear to  com prise an iso m eric  p a i r :
G corresponded to  c a p a r ra p id io l ,  a lre a d y  d esc rib e d  as i s o la te d  
from  sample No. 1 .
Sample No. 5
TLC and GC-MS exam ination  of th e  n e u tr a l  f r a c t io n  (94% by 
w eight) o f t h i s  o i l  showed such g ro ss  d if fe re n c e s  from th e  o th e r  
• samples t h a t  i t s  o r ig in  must be in  doubt. The a c id ic  f r a c t io n  was 
a lso  q u ite  d i f f e r e n t  in  com position (F ig . 2 1 ). The c o n s t i tu e n ts  
were n o t co n v en ien tly  sep arab le  by p re p a ra t iv e  TLG0 S a p o n if ic a tio n  
y ie ld e d  an a c id ic  f r a c t io n  (0 .64  g from 1.70 g o f n e u tr a l  o i l )  which 
could  n o t be c r y s ta l l i s e d .  Treatm ent w ith  dia^om ethane gave a 
p ro d u c t y ie ld in g  two peaks on GLC b u t rem aining un reso lv ed  on TLC, 
GC-MS in d ic a te d  m olecu lar w eights of 318 and 3320 In  view o f the  
a p p a re n tly  n o n -se sq u ite rp e n o id  n a tu re  of th e se  compounds th ey  have 
n o t been examined f u r th e r  a t  th e  p re s e n t tim e ,
A n tib a c te r ia l act i v i t y o f scurdles o f o i l
Four samples o f o i l  were t e s te d  fo r  a n t ib a c te r ia l  
a c t i v i t y  on a range o f  S s p e c ie s  o f  b acte rium . The o i l s  
were d is so lv e d  in  e th e r  and sp o ts  o f  the e th e r e a l  s o lu tio n s  
made on a n u t r i e n t  agar p la te*  S troke in o c u la  o f the  
b a c te r ia  were made acro ss  th e  sp o ts  and any in h ib i t i o n
o f growth notedo The r e s u l t s  a re  g iven  below.
O il 1 O il 3 O il A O il 5 
E sc h e rich ia  c o l i  -  -  -
K le b s ie l la  aerogenes -  -  -
Pseudomonas aeru g in o sa  -  -  -
P ro teu s  v u lg a r i s -  -  -  -
S taphylococcus au reu s ? -  -  +
B a c illu s  cereu s  ? -  +
Cornybacteriurn xerose  ? + -  • +
Mvcobac te rium  p h le i  + -  -  +
-  = no in h ib i t io n
+ = in h ib i t io n
? = d o u b tfu l
None o f th e  o i l s  had any in h ib i to r y  e f f e c t  on th e  gram- 
n eg a tiv e  b a c te r ia  (th e  f i r s t  fo u r  on th e  l i s t ) .  O il No. 5 
was in h ib i to r y  to  a l l  th e  g ram -p o sitiv e  b a c te r ia ,  o i l  No. 3 
■fc° C .x e ro se * and o i l  No. 1 was s l i g h t ly  in h ib i to r y  to  the  
organism  M. p h le i .
‘The a c id - f a s t  organism M. p h le i  was in c lu d ed  because of 
i t s  r e la t io n s h ip  to  o th e r a c id - f a s t  b a c te r ia  such as 
M. tu b e rc u lo s is  and M. le p ra e .
Concl u s io n s
a . s
Of the f iv e  samples examined , one (ho,.5) appeared to  oe 
of t o t a l l y  d i f f e r e n t  com position from the  o th e rs  and we acco rd in g ly  
b e lie v e  t h a t  i t  i s  u n lik e ly  to  be a genuine sample o f c ap a rra p i 
o i l .  Samples 1 -4  were s u f f ic ie n t ly  s im ila r  in  q u a l i t a t iv e  
com position to  suggest a common b o ta n ic a l o r ig in ,  a lthough  certa in - 
in te r e s t in g  d if fe re n c e s  were observed? th ese  a re  perhaps 
a t t r ib u ta b le  to  sp ec ie s  v a r ia t io n s  or seaso n a l v a r ia t io n s .  We 
have observed no ap p rec iab le  changes in  com position during  s to rag e  
o f the  o i l s  fo r  p e rio d s  up to  s ix  years* The s t a b i l i t y  o f n e ro lid o  
and c a p a r ra p id io l  in  the  o i l  i s  notew orthy, because once th e se  
c o n s t i tu e n ts  have been is o la te d  they  are  ex trem ely  s u sc e p tib le  
to  decom position in  the  presence o f a i r .
The most c h a r a c te r i s t i c  c o n s t i tu e n t  i s  n e ro l id o l :  indeed , two 
of th e  samples (Nos* 1 and 2) appear to  be th e  r i c h e s t  sources of 
t h i s  compound sc f a r  d e sc rib ed . The o i l  i s  f u r th e r  c h a ra c te r is e d  
by th e  p resence  o f a c y c lic  sesq u ite rp en o id s  such as c a p a r ra p id io l ,  
c s p a r r a p i t r io l  and dihydroxy- c ap a rra p i a c id . I n h ib i t io n  of the  
c y c l iz a t io n  and o x id a tio n  p ro cesses  which norm ally  take  p lace  in  
p la n ts  has a p p a ren tly  occu rred . C y c liz a tio n , when i t  does occur,
* A n t.ib ac te ria l screen ing  of the  v a rio u s  samples was perform ed 
by Dr. R .3 . M orrison (B acterio logy  D ep t., U n iv e rs ity  of 
Glasgow) whose r e s u l t s  are ta b u la te d  in  Table 5* They 
in d ic a te  th a t  the ‘m ed ic inal p ro p e rtie s*  o f c ap a rra p i o i l  
a re  p robab ly  n o t due to  a n t i - b a c t e r i a l  a c t i v i t y .
3 1
i s  ex em p lified  by th e  •abnormal* p roduct c a p a rra p i o x id e . The 
e s s e n t ia l  o i l  i s  th e re fo re  p r im itiv e  in  t h a t  i t  com prises m ainly 
se sq u ite rp e n o id s  in  an e a r ly  stage  of b io s y n th e s is .
I t  i s  in t e r e s t in g  to  sp ecu la te  as to  how much p h y lo g en e tic  
in s ig h t  would be p rov ided  by a knowledge o f th e  s te p s  o f 
b io s y n th e s is  o f a l l  known secondary c o n s t i tu e n ts 0 P re se n t 
knowledge in  th i s  f i e l d  i s  fragm entary .
C onventional tech n iq u es  were used fo r  column chromatography*
th in  la y e r  chrom atography (TIC) and g a s - l iq u id  chrom atography (GLC).
M a te r ia ls  used  inc3.uded K ies-elgel G (Merck) f o r  a n a ly t ic a l  TIG
and E ie s e lg e l  (Merck) on 0 o1 cm th ic k  20 x  20 cm p rep an a tiv e
TLC p la t e s ,  . Spots were d e te c te d  by c h a rrin g  w ith  e e r ie  su lp h a te  -
su lp h u ric  a c id  re a g e n t o r sp ray ing  w ith  io d in e  vapour. Bands were
d e te c te d  by th e  supp ress io n  of fluo rescence  of 1 BP 2$Atl o r by th e
method o f s ta in in g  sep a ra te  la n es  w ith  a d e s tr u c t iv e  re a g e n t. The
column packing  (l% SE-30 on 100-120 mesh s i la n is e d  Gas-Chrom P)
most commonly used fo r  GLC was p repared  accord ing  to  th e  method of 
3/
Horning e t  a l ,  A n a ly tic a l gas chromatograms were ru n  on
e i th e r  Pye Argon chrom atographs or the  P erk in  Elmer F - l l ,
M elting  p o in ts  were recorded  on a K ofler b lock  and are  
u n c o rre c te d . R o ta tio n s  were measured in  chloroform  a t  room 
tem peratu re  u n le ss  o therw ise  s ta te d .  L igh t petro leum  r e f e r s  to  the 
f r a c t io n  o f b .p . 4-0-60°C.
U l t r a v io le t  sp e c tra  were measured on an au to m a tic -re co rd in g  
in s tru m e n t (Unicam SPSOO). R outine in f r a - r e d  s p e c tra  were measured 
on a-Unicam SP200 model and high re s o lu t io n  s p e c tra  on th e  SP1D0 
• double beam spec tropho tom eter. Mass s p e c tra  were measured on an 
AEI KS9 spec tro m ete r and gas chrom atography- mass spectrom ety  (GC-MS) 
was e f fe c te d  on an LKB 9000 in s tru m e n t. U uclear m agnetic resonance 
(NMR) s p e c tra  were determ ined on a P erk in  Elmer 60 M c/s. in s tru m en t
or on a V arian  KA 100 model equipped w ith  a sp in  d eco u p le r.
S ev e ra l o f th e  r e a c t io n s  d e sc rib e d  in  the  ex p erim en ta l s e c tio n  
were perform ed on th e  m ic ro -sc a le  and consequen tly , c h a r a c te r is a t io n  
o f  th e  p ro d u c ts  r e l i e s  p r im a r i ly  on GC-MS d a ta , r a th e r  th an  
e lem en ta l a n a ly s is .
Chrom atographic S ep a ra tio n  o f the  C o n s titu en ts  o f Sample 10
A.
Sample 1 (3 .1  g) was adsorbed on to  n e u tr a l  alum ina 
(150 g Woelm, grade I I I ) .  A g ra d ie n t e lu t io n  u s in g  petro leum  
(2 l )  /  d ie th y l  e th e r  (2 l ) ,  w ith  c o l le c t io n  o f a l iq u o ts  of 
4-0 ml y ie ld e d , in  f r a c t io n s  17-38, a c le a r ,  f r a g r a n t  o i l  (2 .76  g ) .  
•A nalysis, fo llo w in g  p re p a ra tiv e  TLC se p a ra tio n  and vacuum d if f u s io n  
p u r i f i c a t io n ,  in d ic a te d  the  form ula ^2. ^ 26 "^ - ^ i s  f r a c t io n  was- 
shown to  be (+ )-S -n e ro lid o l from i t s  IR, NMR, mass s p e c tra , 
i t s  p h y s ic a l  co n s ta n ts  (n^G, 1.4-807; [°^]p + 18° in  e th an o l)  and
GLC p r o p e r t ie s .  . 1
F ra c tio n s  82-97 y ie ld e d  c a p a rra p id io l (0 .29 g) as a c le a r ,  
f a i n t l y  f r a g r a n t ,  v isco u s o i l  L0^]^ * 8° (C, 1 .0  in  ch lo ro fo rm ), 
which decomposed re a d i ly  on exposure to  a i r ,  b u t which could  be s to re d  
in  e th an o l a t  0°Ce Follow ing p re p a ra tiv e  TLC and vacuum d if f u s io n  
p u r i f i c a t io n  (S 0°/0 .03  mm Hg), a n a ly s is  in d ic a te d  th e  com position  
G15H28°2 (Found> C> 74 .67; H, 11.82?; C a lcd ., 0., 74 .95 ; H, 11.7455).
The column was s tr ip p e d  ( a f t e r  s tan d in g  a t  room tem peratu re  
f o r  s e v e ra l  days) by e lu t io n  w ith  m ethanol (250 ml) which on 
ev ap o ra tio n  a t  100°C on a Buchi R otary E vaporato r y ie ld e d  a p ink  
l iq u id  re s id u e  co n ta in in g  o rgan ic  m a te r ia l  and s i l i c a t e s .  E x tra c tio n  
o f t h i s  re s id u e  w ith  e th y l  a c e ta te  a ffo rd ed  60 mg of a brow nish o i l ,  
which was adsorbed on a p re p a ra tiv e  TLC p la te  and e lu te d  w ith  e t h e r 0 
The p r in c ip a l  c o n s t i tu e n t ,  c a p a r r a p i t r io l  (25 mg, R^ 0 .1 )  was
e x tra c te d  w ith  e th y l  a c e ta te ,  as a c le a r  o i l  which c r y s ta l l i s e d  
on s tan d in g . Sublim ation a t  115°/0 .03  ram Hg y ie ld e d  a w hite 
c r y s ta l l in e  s o l id  rnp 96-97°, * 3° (c 1.4- in  ch lo ro fo rm ).
A nalysis  in d ic a te d  the form ula C^H^qO  ^ (Found, C, 69#52;
H, 11.4-5?; C a lc d ., C, 69.72; H, 1 1 .7 0 ? ).
The r e l a t i v e l y  non -p o la r minor c o n s ti tu e n ts  . is o la te d  from 
the  p re p a ra t iv e  TIC were a r t e f a c t s  formed by the  a lu m in a -ca ta ly sed  
deh y d ra tio n  o f c a p a r r a p i t r io l .  Comparative TLC and GIG showed 
th e se  compounds to  correspond to  n e ro lid o l  (3 mg) and 
c a p a r ra p id io l  (2 mg).
Bo
Sample 1 (100 mg) was adsorbed onto a p re p a ra t iv e  TLC p la te  
and e lu te d  w ith  e th e r ,  N e ro lid o l (90 mg, R^ 0 .8 ) ,  d .iol (9 mg,
R^ 0 .5 ) and t r i o l  ( ~ 1  mg, R^ 0 .1 ) were i s o la te d  in  a pure s ta te  on 
e x tra c t io n  of th e  ap p ro p ria te  bands w ith  p o la r  so lv e n ts  such as 
e th y l  a ce ta teo
Hydrogenation of C ap a rrap id io l (10)
C a p a rra p id io l (5 mg) was d is so lv e d  in  e th y l  a c e ta te  and 
hydrogenated over 10? pallad ium -char.coal o v e rn ig h t. Comparative 
TLC and GLC showed one main p ro d u c t to g e th e r  w ith  a le s s - p o la r ,  
minor p ro d u c t (p o ss ib ly  from h y d ro g e n o ly s is ) . The p r in c ip a l  
p ro d u c t (3 mg) was is o la te d  as an o i l  by p re p a ra t iv e  TLC, e lu t in g  
w ith  e th e r .  Mass spectrom etry  in d ic a te d  a m olecu lar w eight in c re a se  
o ffo u r  mass u n i t s ,  corresponding  to  uptake o f two moleSof hydrogen.
M
ol
ec
ul
ar
 
w
ei
gh
t
450
400
350
300
250
T R I S - T M S  ETHE
B I S - T M S  E T H E R S
X MONO - TMS ETHERS
TRIOL
j ________ i________ L________ L
20 40 60 80 100
2
10- x lo g .( reten tion )
Trime th y ls liy 3 -a tio n  Pro ceclure s
A. Incom plete t r im e th y l s i ly la t io n .
P o ly o l ( l  mg) was d is so lv e d  in  h ex am ethy ld is ilazane  (200 ^il)
and tr im e th y lc h lo ro s ila n e  ( c a ta ly t ic  t r a c e )  added. The so lu tio n
was heated  a t  60-70° fo r  6 hou rs, evaporated  in  a stream  of dry
n itro g e n  and the d e r iv a t iv e ( s )  e x tra c te d  from th e  r e s u l t a n t  w hite
re s id u e  in  d ry  e th e r .  Thus, c a p a rra p id io l (10) a ffo rd ed  two
125p ro d u c ts  as shown by GC-MS; ^  1750, m olecu lar ion  312 and 
125I Gf  1775, m olecu lar ion  312» C a p a r r a p i t r io l  (12.) a ffo rd ed  fo u r 
p ro d u c ts ; I g ^ 30 1850 (M*330), I g ^ Q  1900 (M+330), Ig j^ 30 I960 
(M+402) and Ig g h g  2005 (M+40 2 ). The r e la t io n s h ip  between the
r e te n t io n  tim es of the  t r i o l  t r i r n e th y ls i ly i  e th e r s  and th e i r  
m olecu lar w eigh ts i s  shown in  F ig . 22.
B. Complete t r im e th y l s i ly l a t io n .
To p o ly o l (2 mg) in  a m e ltin g -p o in t c a p i l la r y  tubs was 
added hexam eth y ld is ilazan e  (200 / i l )  and a c a ta ly t ic  tra c e  of 
t r im e th y lc h lo ro s i la n e . The tube was sea led  and heated  a t  160° fo r  
12 h r .  The d e r iv a t iv e s  were is o la te d  as above, and c h a ra c te r iz e d  
by GC-MS:
B is - t r i r n e th y ls i ly i  e th e r  from c a p a rra p id io l  (1 0 ), 1770 (M+3S4)
Tr i s - t r i r n e t h y l s i l y i  e th e r-fro m  cap a rra p i t r i o l  (12) I  2055 (H+474)j
Oilr-^U
B is - t r i r n e th y ls i ly i  e th e r  from dihydroxy m ethyl e s te r  (13), Ig p ^O  20/.0
(K+432)
T r is - t r i r n e th y ls i ly i  e th e r  from t r i o l  (15), 2100 (M+47b).
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E x tra c tio n  o f Acids from C aparrap i O il 
Each sample o f c a p a rra p i o i l  (approx im ately  5 g in  25 ml e th e r )  
was e x tra c te d  tw ice w ith  s a tu ra te d  aqueous sodium b ica rb o n a te  
(100 m l). A c id if ic a t io n  w ith  d i lu te  h y d ro ch lo ric  a c id  was fo llow ed  
by two e x tr a c t io n s  w ith  e th e r  and one w ith  e th y l  a c e ta te ,  The 
• o rg an ic  e x tr a c ts  were combined, d r ie d  over anhydrous magnesium 
su lp h a te  and evaporated  in  vacuo» y ie ld in g  a c le a r  v isco u s  o i l 0 
A n a ly tic a l  d a ta  are  p re sen te d  in  Table 3, p . 26 .
M ethy lation  of Acids from Sample L 
30% sodium hydroxide (0*2 ml) was added to  a s o lu tio n  of 
b is-(N ~ m eth y l-N ~ n itro so )-te rep h th a lim id e  (0 .6  g) in  d ie th y le n e  
g ly c o l (1 ,5  ml) and e th e r  (10 m l). The gaseous diazom ethane evolved 
on warming th e  r e s u l t a n t  suspension  was d i s t i l l e d  in to  a s o lu tio n  
o f the  a c id s  (226 mg) in  e th e r  (20 m l). U nreacted n i t ro s a n  was 
n e u tra l iz e d  by the  c a re fu l  a d d itio n  of g la c ia l  a c e t ic  a c id . The 
diazom ethane s o lu tio n  was l e f t  a t  room tem perature  fo r  2 hours and 
c o n ce n tra te d  in  vacuo, y ie ld in g  m ethyl e s te r s  (24.0 mg) as an o i l .
GLG r e te n t io n  d a ta  and m olecu lar io n s  (GC-KS) o f p ro d u c ts :
( A )  I g ^ 30lS00 (M+270); (3) I ^ 3Q 1830 (M+270); (C) 1 ^ ^ 1 9 2 0  (M+283)
S ep a ra tio n  of Monohydroxy and Dihydroxy M ethyl E s te rs  
M ethyl e s te r s  (70 mg) were adsorbed on to  a p re p a ra t iv e  TLC 
p la te  and developed w ith  d ie th y l  e th e r .  E x tra c tio n  of th e  two
p r in c ip a l  bands a ffo rd ed  30 mg o i l  from each . Band 1 (R.p 0 .6 )
con ta ined  two in se p a ra b le  monohydroxy e s te r s  (A) and (B). Band 2 
(R^ , 0 .2 )  a ffo rd e d  a dihydroxy e s t e r  (C) as an o i l  (25 mg) shown by 
GLG to  be. homogeneous* v max 1710 cirT^ ( l iq u id  f i lm ) ;  0°
(c , 1 ,0 . in  ch lo ro fo rm ); found, C, 64*63; H, 10*91% C alcd . f o r
Cl6 H3204 > G> 66*63> H> 11*18^ ! Ca3-cd fo r  c i6 H32°4 •1^2E2°9 
H, 11.1%: Calcd f o r  CjgH^O^. H20, C ,70 .1 ; H, 12.4%
A ttem pted S ep a ra tio n  o f Monohydroxy E s te rs
( i )  D if fe re n tia ] , vacuum d iffu sio n *
The monohydric e s te r  m ixture (54 mg) was su b jec te d  to  
c a r e fu l  vacuum d if fu s io n  u s in g  a 1c o ld - f in g e r 1 condensation  
u n i t  a t  0 .0 3  mm Hg. The tem peratu re  was slow ly r a is e d  from 
60-100°Co F ra c tio n s  were c o lle c te d  a t  60-70°, 70-80° and 
80-100° ra n g e s . GLC showed no s e p a ra tio n  under th e se  c o n d itio n s 0
( i i )  P re p a ra tiv e  TLC.
C are fu l chromatography of 32.8  mg o i l  on a p re p a ra t iv e  
TLC p la te  (20 cm x 20 cm x 0 .1  cm), e lu t in g  w ith  50% l i g h t  
p e tro le u m -e th e r , f a i l e d  to  sep a ra te  the c o n s t i tu e n ts .
( i i i )  S i lv e r  n i t r a t e  chrom atography.
TLC perform ed as above u sin g  s i lv e r  n i t r a t e  im pregnated 
k ie s e lg e l  as s o l id  support f a i l e d  to  sep a ra te  the c o n s t i tu e n ts .
( iv )  Column chrom atography.
Chromatography on n e u tra l  alumina (Woelm, Grade I I I )  
u s in g  a 50:1 w eight r a t io  of alumina to  e s t e r s ,  perform ing a
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c a r e fu l  d ie th y l  e th e r  -  l i g h t  petroleum  g ra d ie n t e lu t io n  
f a i l e d  to  sep a ra te  the c o n s t i tu e n ts .  '
Treatm ent o f Monohydroxy E s te rs  w ith  Osmium T etrox ide  
The monohydroxy e s te r  m ixture (20 mg, 0 ,07  mM) was d is so lv e d  
in  e th e r  (2 ml) and added dropwise to  osmium te tro x id e  (20 mg,
0 .08  mil) in  e th e r  (5 m l). 4- drops of p y rid in e  were added and th e  
s o lu t io n  l e f t  s tan d in g  a t  am bient tem perature  o v e rn ig h t, The 
osmate complex was decomposed by adding s a tu ra te d  aqueous sodium 
m e ta b isu lp h ite  (10 ml) and s t i r r i n g  fo r  30 m inu tes. TLC of the  
e th e r e a l  e x t r a c t  showed only  s ta r t in g  m a te r ia l ,  1
R eduction of Dihydroxy E s te r  (13 ) to  T r io l  (15)
Dihydroxy e s te r  (26 mg) was d is so lv e d  in  e th e r  (2ml) and a 
s lu r r y  o f li th iu m  aluminium hydride ("15 mg) in  e th e r  added slow ly  
w ith  s t i r r i n g  a t  room tem p era tu re . A fte r s t i r r i n g  o v e rn ig h t, w ater 
was added dropwise and the  m ixture e x tra c te d  s e v e ra l  tim es w ith  
e th e r .  The e th e r e a l  e x t r a c t  was d rie d  over anhydrous magnesium 
su lp h a te  and evaporated  under reduced p re s su re , y ie ld in g , an o i l  
(18 mg). P re p a ra tiv e  TLC, e lu t in g  w ith  e th e r ,  y ie ld e d  a c le a r  
o i l  (12 mg). A n a ly sis , fo llo w in g  vacuum d if f u s io n  p u r i f ic a t io n  
a t  130°/0 .08  mm Eg; found, C, 67,62; H, 12,08$; C alcd. f o r
C15H35°3’ °* 69,18; H’ 12-59/i . Calcd. fo r  BgO,
C, 67 .0 ; H, 1 2 .55»:Calcd. fo r  C H 0 .H20 , C, 64 . 8 ; H, 11,5/i
a w
R eduction of Monohydric E s te rs  to  D io ls  
50 mg o f a m ixture of the  two monohydric e s t e r s  was reduced 
and p u r i f ie d  as above, y ie ld in g  an o i l  (4-0 mg) w hich, a lthough  
a p p a re n tly  homogeneous by TLC, was shown to  c o n s is t  o f a m ixture 
o f two compounds ( ig g ^ Q  1^85 and 1810) by GLC. A ttem pted 
r e s o lu t io n  o f th e  d i'o l m ixture  by co n v en tio n a l s e p a ra tio n  tech n iq u es  
f a i l e d .
Chrom atographic S ep ara tio n  o f C aparrap i Oxide (16)
The n e u tr a l  f r a c t io n  o f sample 4- of c a p a rra p i o i l  ( l  g) uras 
adsorbed on to  n e u tra l  alum ina (4-0 g Woelm Grade I I I )  and su b jec ted  
to  g ra d ie n t e lu t io n ,  u sing  petro leum  (500 ml b .p . 60-30°) and 
d ie th y l  e th e r  (500 m l), c o l le c t in g  50 ml a l iq u o ts .  F ra c tio n s  2-4- 
e lu te d  w ith  1$ e th e r /p e t r o l  a ffo rd ed  c ap a rra p i oxide (14-0 mg). 
P re p a ra tiv e  TLC and vacuum d if fu s io n  (4-0° /5  mm Hg) y ie ld e d  pure 
c a p a rra p i oxide “ 18° (c , 1 ,0  in  ch lo ro fo rm ). Found,
C, 80 .97 ; H, 11.87$; C alcd. fo r  C-^H^O; C, 81 ,02 ; H, 11.97$
I  14-20. F u r th e r  GLC on th ree  phases of graded p o la r i ty  showed
no in d ic a t io n  o f inhom ogeneity ( r e te n tio n  in d ic e s  (100°C) were 
r e s p e c t iv e ly  14-30, 1540 and 1570 on 1$0Y-1, 1$ 0V-17 and 3$ 0V-22).
H ydrogenation of C aparrap i Oxide (16)
C aparrap i oxide (5 mg) was d isso lv ed  in  e th y l  a c e ta te  (3 ml) 
and 10$ p a llad iu m -ch arco a l (5 mg) added. The s o lu tio n  was 
hydrogenated fo r  2 hours, f i l t e r e d  through C e l i te  and c o n ce n tra te d , 
y ie ld in g  an o i l  (4 mg), GC-KS in d ic a te d  one hydrogenation  p ro d u c t
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(m olecu lar io n  m/ e^ 224 , 1 ^ ^  14-30) .
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E f fe c t  o f L ithium  Aluminium Hydride on C aparrap i Oxide (16)
Ctxide (18,2  rag) was d is so lv e d  in  sodium -dried e th e r  (2 ml) 
and l i th iu m  aluminium hydride ("10 mg) added slow ly w ith  m agnetic 
s t i r r i n g .  A fte r  12 ho u rs , s l i g h t ly  a c id  w ater was added dropw ise 
and th e  s o lu t io n  e x tra c te d  tv/ice w ith  e th e r .  Comparative TIE 
showed no r e a c t io n  to  have occu rred .
Ring-Opening of C aparrap i Oxide (16)
Oxide (50 mg) in  e th e r  (2 ml) was added dropw ise to  li th iu m
(200 mg) in  ammonia (50 m3.) in  a 'c o ld  f i n g e r 1 _re a c t io n  v e s s e l .
The deep b lue s o lu tio n  was m ain tained  a t  l iq u id  ammonia tem peratu re
f o r  1 hour; ammonium ch lo rid e  (500 mg) and e th an o l (10 ml) was
added. The l iq u id  ammonia was allow ed to  b o i l  o f f ,  and the
re s id u e  p a r t i t io n e d  between w ater and e th e r .  The e th e r e a l  e x t r a c t
on e v ap o ra tio n  under reduced p re s su re , a ffo rd ed  a c le a r  o i l  (50 mg).
P re p a ra tiv e  TLC (benzene) a ffo rd ed  the  p r in c ip a l  c o n s t i tu e n t  as an
o i l  (43 mg), th e  in f r a - r e d  c h a r a c te r i s t i c s  of which corresponded to
—1
the  expected  rin g -o p en in g  p roduct 3600, 1660 , 830 cm J‘) .
GC-MS re v e a le d  the  presence of isom eric  c o n s t i tu e n ts  in  the  r a t i o  
85: 15 1545 and 1555 r e s p e c t iv e ly .)  This m ix ture  was
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u n re so lv ab le  in  se v e ra l TLC so lv en t system s, and consequen tly  was n o t 
subm itted  f o r  e lem en ta l a n a ly s is .
H ydrogenation of Ring-Opening P roduct (18)
R ing-opening p roduct (4 mg) was d isso lv ed  in  e th y l  a c e ta te
k-2
(3 ml) and 10% p a llad iu m -ch arco a l (~5 mg) added. Follow ing 30 
m inutes h yd rogenation , the  s o lu tio n  was f i l t e r e d  th rough  c e l i t e  
and co n ce n tra te d  under vacuum a t  room tem p e ra tu re , y ie ld in g  an
o i l  (3 mg). In f r a - r e d  (no V _ 830 cnf^) and.GC-MS (m olecularmax
io n  m^ e 22.6, 1555) in d ic a te d  complete hydrogenation  o f th e
o le f in ic  fu n c tio n . Minor c o n s t i tu e n ts  ( le s s  th an  10^ of the t o t a l )  
were n o t c h a ra c te r is e d ,
C is-K ydroxv la tion  o f Caoarram. Oxide (16)
C aparrap i oxide (15 mg, 0 ,06  mil) was d is so lv e d  in  d ry  
te tra h y d ro fu ra n  (3 m l). Osmium te tro x id e  (20 mg, 0 .0 8  mM) in  d ry  
te tra h y d ro fu ra n  (0 .5  ml) was added w ith  s t i r r i n g .  One drop of 
p y rid in e  was added as c a ta ly s t .  The s o lu tio n , which darkened 
im m ediately , was l e f t  s t i r r i n g  o v e rn ig h t a t  room tem p era tu re . 
S a tu ra te d  aqueous sodium m e ta b isu lp h ite  (5 ml) was added and the  
s o lu t io n  s t i r r e d  fo r  one hour, g ra d u a lly  becoming re d . The s o lu t io n  
was e x tra c te d  tw ice w ith  e th e r ,  which, a f t e r  d ry in g  over anhydrous 
sodium su lp h a te  and ev ap o ra tio n  under reduced p re s su re  a ffo rd ed  a 
d ia s te re o iso m e ric  d io l  m ixture as an o i l  (L4 mg),
1820),
o
P e rio d a te  Cleavage o f D iol M ixture (23)
The m ixture o f d ia s te re o iso m e ric  d io ls  (13 mg) was d is so lv e d  
in  e th an o l (2 ml) and s a tu ra te d  aqueous sodium p e r io d a te  (2 ml) 
added. A w hite p r e c ip i ta te  formed a f t e r  s e v e ra l m inutes s t i r r i n g  
a t  room tem p era tu re . A fte r lr hours the  s o lu tio n  was e x tra c te d  w ith  
e th e r ,  which was then  d r ie d  over anhydrous magnesium su lp h a te  and
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co n cen tra ted  a t  room tem peratu re  under reduced p re s su re , y ie ld in g
an o i l  (10 ing) p u r i f ie d  by vacuum d if fu s io n  U'P° / 5 mm Hg).
(Found; C, 74 .70 ; H. 10.63? C alcd. f o r  C ^ H ^ O ^  C, 74 .95 ; H, 10.78?)
v , (CCl.) 1740 cm"^ (£ , ca 320); shou lder a t  1732 cm*"'*' (s  ca 200) i max /t a 1 a 1I | liiCLA. L y
o 1550’
R eduction of Aldehyde (19)
Aldehyde (33 mg, 0 .1 4  mM) was d is so lv e d  in  dry  e th e r  (4 ml)
and li th iu m  aluminium hydride (8 mg, 0 .2  mM) added slow ly  w ith
s t i r r i n g .  A fte r one hour, m ethanol (2 ml) was added dropw ise,
fo llow ed  by w ater (2 m l)• The e th e r  e x t r a c t ,  d r ie d  over anhydrous
sodium su lp h a te  and co n cen tra ted  under vacuum a ffo rd ed  an o i l  (36 mg),
which a f t e r  p re p a ra t iv e  TLC and vacuum d if f u s io n  p u r i f ic a t io n
(40°/5  mm Hg) gave pure a lco h o l (23 mg): [<><]j)~5o50 (c , 1 .0  in
ch lo ro fo rm ). Found, C, 74*59; H, 11,81%; C alcd, fo r  ^2^26^23
C, 74 .29; H, 11 .58?: v (CCl.) 3570 cm"1 (£ 40) u n a ffe c te dmax Ly a
by d i lu t io n ,  (c f .  2~ hydroxyraethy lte trahydropyran ,v  „ (CCl.) 3579* IHclX lif
(s 55) *
cl
•p-Bromobenzoate of  A lcohol (20)
A lcohol (20) (20 mg, 0 .09  mM) was d is so lv e d  in  p y rid in e  (0.2m l) 
and a s o lu tio n  o f f r e s h ly  c r y s ta l l i s e d  p-bromobenzoyl c h lo rid e  
(20 mg, 0 .10  mM) in  p y rid in e  (0 .2  ml) added. The s o lu tio n  was 
l e f t  o v e rn ig h t a t  0°C and p a r t i t io n e d  be tv/e en IN h y d ro ch lo ric  
a c id  (20 ml) and d ie th y l  e th e r  (40 m l). The e th e r e a l  e x t r a c t  was 
d r ie d  over anhydrous sodium su lp h a te , and y ie ld e d  a f t e r  ev ap o ra tio n
under vacuum, a c r y s ta l l in e  s o lid  (22 mg) mp»60.5 -6 1 .5 °  (fo llow ing  
re  c r y s t a l l i s a t i o n  from l i g h t  p e tro leu m ). Found, C, 61,48; H, 6,'99? 
C alcd, fo r  C^-jH^BrO^, C, 61*61; H, 7.14?* Re c r y s t a l l i z a t i o n  from 
a wide range of so lv e n ts  y ie ld e d  c r y s ta l s  o f a f ib ro u s  n a tu re  which 
were u n s u ita b le  fo r  X-ray c ry s ta llo g ra p h y ,
T r im e th y ls i ly la t io n  of D iaste reo iso m eric  D io ls  (23) D erived from
Capa r ra p i  Oxide
The d ia s te re o iso m e ric  d io l  m ixture ( l  mg) was d is so lv e d  in
hex am eth y ld is ilazan e  (2 d rops) and a c a ta ly t ic  q u a n t i ty  of
t r im e th v lc h lo ro s ila n e  added, > The s o lu tio n  was h ea ted  in  a se a le d
v i a l  a t  70° f o r  24 hours and evaporated  w ith  a ' s tream  .of n itro g e n .
E x tra c tio n  of the  w hite re s id u e  w ith  e th e r  ( l  ml) y ie ld e d  .
b i s - t r im e th y l s i ly l a t io n  p ro d u c ts , as shown by GC-MS. D io ls :
I  1800 and 1820. B is - t r im e th y ls i ly la t io n  p ro d u c ts  (m olecular
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io n  m/e = 40 0 ): I  1890 and 1910.
Methoxyam ination of Al dehyde (19)
To aldehyde (19) (3 mg) in  p y rid in e  (0 ,5  ml) was added
0-m ethylhydroxylam ine h yd roch lo ride  (3 mg) in  p y r id in e  (0 .1  m l) .
The s o lu tio n  was heated  in  a sea led  v i a l  fo r  3 h o u rs , f i l t e r e d ,
and an a l iq u o t  of the  s o lu t io n  in je c te d sd i r e c t ly  on to  GLC,
120°Complete d e r iv a t iz a t io n  was in d ic a te d : Aldehyde, or, 14-50
0-m ethyloxim e, 0'*oleculsLr io n  on GC-MS , m/^ e 253)*
No evidence o f syn and a n ti- iso m e rs  was seen .
4 5
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B rom ination of Oxide (16)
C aparrapi oxide ( l  mg) was d is so lv e d  in  carbon te t r a c h lo r id e
( l  ml) and bromine in  carbon te t r a c h lo r id e  added dropw ise t i l l
the red  co lo u r p e r s i s te d .  Excess bromine was removed by a d d itio n
of aqueous sodium m e ta b isu lp h ite . An a l iq u o t  o f the  o rgan ic
la y e r  was in je c te d  d i r e c t ly  onto GLC, and the  p resence  of two d i a -
1 p o°s te r e o is o m e r s  in d ic a te d  ( l i d  approx im ately  2000 and 2010).
Dllj—PU
The expected  m olecu lar io n  m u lt ip le ts  viere observed by GC-MS 
(m/e 382, 384, 386 in  the  r a t i o  l i  2: l ) 0
Attempted C y c liz a tio n s  of (*)-S~Ne r o l id o l  
to  C aparrapi Oxide
(+ )-S -N ero lid o l was o b ta in ed  by p re p a ra t iv e  TLC of Sample 1
of C aparrap i o i l ,  and d iv id ed  in to  se v e ra l p o r t io n s ,
( i )  98% Formic Acid a t  60°.
(+ ).-S -N ero lido l (50 mg) was d is so lv e d  in  <38% form ic ac id  ( l  ml)
y ie ld in g  a w h ite , opaque s o lu t io n , which a f t e r  2 m inutes warming a t
60° became brown. N e u tra l is a t io n  w ith  aqueous sodium b ica rb o n a te
ii/as fo llow ed by e th e r  e x tr a c t io n .  The e x t r a c t  was d r ie d  over
anhydrous sodium su lp h a te , y ie ld in g  a yellow  o i l  (35 mg). Comparative
TLC in d ic a te d  complete r e a c t io n  of n e ro l id o l ,  and fo rm ation  of
products w ith  r e te n t io n  in d ic e s  R^O.95 and 0 .89  ( <?f* c a p a rra p i oxide
0 .8 9 )o GLC in d ic a te d  a m u l t ip l ic i ty  of p ro d u c ts ; only  one component
(approx im ately  1% o f the t o t a l )  had a r e te n t io n  index  ( ig g ^ Q  14-20 )
corresponding  to  th a t  of c ap a rra p i ox ide .
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( i i )  98% Formic Acid a t  Room T em p era tu re ,.
(+ ) -S -n e ro lid o l (10 mg) was d is so lv e d  in  9&% form ic ac id
(0 ,5  ml) and the  s o lu tio n  shaken fo r  5 m inutes a t  room tem p e ra tu re . 
The p ro d u c ts  were i s o la te d  and examined as in  ( i ) ,  and shown to  
be e s s e n t i a l ly  s im ila r  to  ( i )  by TLG and GLC, a lthough  some 
s t a r t in g  m a te r ia l  was u n re a c te d ,
( i i i )  D ilu te  Anhydrous Formic A cid,
(+ ) -S -n e ro lid o l (10 mg) was d is so lv e d  in  A nalar te tra h y d ro fu ra n  
(2 ml) and 98% form ic a c id  (2 drops) added. A fte r  s tan d in g  
o v e rn ig h t, no r e a c t io n  had occu rred , as shown by TLC and GLC®
Warming a t  40°C fo r  se v e ra l m inutes produced no reaction®
(iv )  C oncen tra ted  S u lphuric  A cid,
(+ ) -S -n e ro lid o l (10 mg) was d is so lv e d  in  2~nitropropane 
( l  m l, f r e s h ly  d i s t i l l e d  from phosphorus p e n to x id e ) , and 
co n cen tra ted  su lp h u ric  ac id  (0„1 ml) in  2 -n itro p ro p an e  ( l  ml) 
added a t  -7 0 °C. The s o lu tio n  was s t i r r e d  m ag n e tica lly  f o r  
5 m inu tes , becoming brown® Ic e -c o ld  w ater was added and th e  s o lu tio n  
e x tra c te d  w ith  l i g h t  petroleum® TLC in d ic a te d  complete r e a c t io n , 
g iv in g  p ro d u c ts  w ith  r e te n t io n  in d ic e s  correspond ing  to  
hydrocarbons® GLC in d ic a te d  a complex m ixture in  which no oxide 
could  be detected®
(v) p -T oluenesulphonic  Acid,
To (+ )-S ~ n e ro lid o l ( l  mg) in  benzene (0 .5  ml) was added a
c ry s ta l, o f p -to lu en esu lp h o n ic  a c id  m onohydrate. The s o lu tio n  was
4-y
warmed on a steam b a th  fo r  30 minutes,, TLC in d ic a te d  the  
presence  o f compounds corresponding  in  p o la r i ty  to  hydrocarbons and 
m ono-alcohols. No oxide was e v id e n t,
(v i)  Boron T r if lu o r id e  E th e ra te ,
To (+ )-S -n e ro l.id o l ( l  mg) in  benzene ( l  ml) was added boron 
t r i f lu o r i .d e  e th e r a te  ( l  d ro p ) , The s o lu t io n  was l e f t  -at room 
tem peratu re  fo r  5 m inutes, and the  excess re a g e n t n e u tra l iz e d  w ith  
w a te r . The benzene e x t r a c t  was d r ie d  over anhydrous sodium su lp h a te  
and was shown by TLC to  co n ta in  se v e ra l compounds of p o la r i ty  
c o n s is te n t  -with t h a t  of o lefins®  No oxide could  be detected©
Se p a ra tio n  of Samples o f Caparra p i  Oi l  in to  N eu tra l 
and Acid Component s
The f iv e  samples o f c ap a rra p i o i l  (~0,5 g o f each) were d is so lv e d
in  e th e r  (50 ml) and e x tra c te d  tw ice w ith  s a tu ra te d  aqueous sodium
b ica rb o n a te  (50 m l). The b ica rb o n a te  e x tr a c ts  were back-washed
w ith  e th e r  to  remove t r a c e s  of n e u tr a ls ,  A c id if ic a t io n  of th e
b ica rb o n a te  e x t r a c t  w ith  2N h y d ro ch lo ric  a c id  was fo llow ed  by th re e
e x tra c t io n s  w ith  e th e r ,  the  e x tr a c ts  being d r ie d  over anhydrous
sodium su lphateo  A n a ly tic a l d a ta  are  p re sen te d  in  Table 3o
P re p a ra tiv e  TLC on C aparrapi Oil  Samples 
Samples (*100 mg of the  n e u tr a l  f r a c t io n )  were adsorbed on to  
K ie se lg e l p re p a ra t iv e  TLC p la te s  and e lu te d  w ith  50/5 b e n ze n e /d ie th y l 
e th e r .  A n a ly tic a l d a ta  are p re sen ted  in  Table 3 .
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S a p o n if ic a tio n  of Sample 5 
The n e u tr a l  f r a c t io n  o f sample 5 (lo6  g) was d is so lv e d  in  
m ethanol (5 m l) , 30% sodium hydroxide (4- ml) and m ethanol (5 ml) 
w ere.added, and the  s o lu tio n s  re f lu x e d  a t  100°C fo r  15 m inu tes0 
Water was added and th e  n e u tra l  c o n s ti tu e n ts  e x tra c te d  w ith  
methylene c h lo r id e . The b a s ic  aqueous so lu tio n  was a c id i f ie d  and 
e x tra c te d  w ith  m ethylene c h lo r id e , which, a f t e r  d ry in g  over 
anhydrous sodium su lp h a te , y ie ld e d  a c id s  (0,64-0 g ) ,
S a p o n if ic a tio n  of Sample 4- 
The n e u tr a l  f r a c t io n  of sample 4- (10 mg) was sap o n if ie d  as 
above, and th e  a c id s  iso la te d *  Comparative TLC in  benzene (9 0 ) /  
d ioxan (2 5 ) /a c e t ic  a c id  (6) o f the  a c id s  o b ta in ed  by s a p o n if ic a tio n  
of samples 4- and. 5 w ith  the f r e e  a c id s  in  sample 4- gave the  
fo llo w in g  d a ta :
F ree a c id s  from 4-
r ... ....... 1" --------- •"
Acids from s a p o n if ic a tio n  
of sample 4-°
Acids from 
s a p o n if ic a tio n  of 
sample 5
R^ 0 .85  (brown) 
0 o70 (brown)
R^ 0 .70  (brown) 
0.4-0 (brown)
N
R^ 0 ,90  (b lue)
1
* co lo u rs  produced by e e r ie  su lp h a te  sp ray .
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2 .1  INTRODUCTION TO THE STUDY 0? THE ESSENTIAL OIL OF
BRACHYLAENA KUTCHINSII
B o ta n ica l D e sc rip tio n ,
B rachylaena H u tc h in s ii i s  a hardwood, indigenous to  E as t
. A fr ic a , The t r e e  i s  known v a r io u s ly  among the  n a tiv e s  as Muhuhu, 
Muhugu, liububu, 01-Magogo o r  Muhugwe, th e  v e r n a c u la r  te rm
v ary in g  accord ing  to  the  d i a l e c t ,  A member of the  com posites , 
the  tr e e  i s  found from the  c o a s t lan d  up to  a h e ig h t of 6,500 f e e t ,  
and reach es  i t s  f u l l  development in  a l t i tu d e s  where i t s  growing zone 
jo in s  t h a t  of Ju n ip e ru s  procer a ,  th e  Kenya c e d a r - t r e e 0 I t s  wood, 
dark  brown in  co lo u r, i s  tough, easy to  s p l i t  and h ig h ly  odorous®
Background A spects
L i te r a tu r e  re fe re n c e s  to  Brachylaena H u tc h in s ii a re  s p a rse 0 
The p r in c ip a l  a c c e ss ib le  re fe re n c e s  9 d e sc rib e  the  e s s e n t ia l  o i l  
(p ro d u ct of steam d i s t i l l a t i o n )  as being  re m in isc en t of cedarwood 
and vetiverw ood o i l  in  fra g ra n c e . A n a ly tic a l d e s c r ip t io n s  of th e  
o i l  in d ic a te d  predom inantly  se so u ite rp en o id  c o n s t i tu t io n ,  
com prising a lc o h o ls , and to  a le s s e r  e x te n t ,  k e to n es . I t  i s  
p robab le  t h a t  the  complex n a tu re  of the  o i l  r e s t r i c t e d  f u r th e r  
exam ination by c l a s s i c a l  methods.
The ready  a v a i l a b i l i t y  of th i s  wood in  B r i ta in  (as f lo o r in g  
b locks) to g e th e r  w ith  the  p a u c ity  of c he m e a l  in fo rm atio n  about 
the  se sq u ite rp e n o id  c o n s titu en ts ,•p ro m p ted  in v e s t ig a t io n s ,  u s in g  
modern tech n iq u es  o f s e p a ra tio n  and s p e c tr a l  a n a ly s is .
2 .2 DISCUSSION
I n i t i a l  Problems of I s o la t io n
E th y l a c e ta te  e x tra c t io n  of *fche hearfwood. of B rachylaena 
h u tch in s .il  a ffo rd ed  an o i l ,  com prising 20$ by w eight o f the  
wood, GLC exam ination of the  o i l  in d ic a te d  a complex m ix tu re , 
many of th e  c o n s t i tu e n ts  of which had re te n t io n  d a ta  c h a r a c te r i s t i c  
o f sesq u ite rp en o id so
Column chromatography re  .suited in  the  i s o la t io n  o f th e  
p r in c ip a l  c o n s t i tu e n ts ,  two isom eric  ketoaldehyd.es and the  
co rresponding  p a i r  of Ice toalcoho ls, as in t r a c ta b le  m ix tu res . 
Follow ing ex h au stiv e  chrom atographic a ttem p ts  a t  s e p a ra tio n , 
which a ffo rd ed  only p a r t i a l  r e s o lu t io n  of th e  c o n s t i tu e n ts ,  
chem ical m o d if ic a tio n  was examined in  th e  hope of o b ta in in g  
i s o la b le  p ro d u c ts . I t  was subsequen tly  found th a t  tre a tm e n t of 
th e  isom eric  ketoaldehyde m ixture w ith  sodium borohydride 
r e s u l te d  in  re d u c tio n  to  a m ixture o f th re e  ep im eric  d io ls  which 
were e a s i ly  sep a rab le  and which could , by S a r e t t  o x id a tio n , be 
reco n v erted  to  two homogeneous ketoaldehyde isom ers0
Figo 2 3
»
F u n c tio n a l groups P h y s ic a l d a ta  (K etoaldehyde 36a )
IR 1720 cm“1 (S) 
NMH Y  7*49 (2H)
-1
RHnQ <CHR.
H
CH
CH;
IR 1660(MS), 1680(VS),2810 cin (W) 
HMR rt '0 o 4 9 ( lH ) ,3 .2 0 ( l l |7 .  12(IH)
7 .3 4  (2H)
UV 244 mp ( 8 -9000) '
NMR X 9 .0 6 ,9 .1 9 (2  d o u b le ts , 
J ~ 7 c p s ,  6H)0
R-
CH'
R
‘R
HMR V 9 . 2 5  ( s in g le t ,  3H),
5 1
P re lim in a ry  Examin a tio n  of P r in c ip a l  C o n s titu e n ts
E lem ental a n a ly s is  o f each of th e  ketoaldehydes in d ic a te d  
th e  com position  Uptake of one mole of hydrogen was
in d ic a te d  by mass spec trom etry  of the  products*  The k e toaldehydes 
were th e re fo re  t r i c y c l i c .
The s p e c t r a l  c h a r a c te r i s t i c s  ( in f r a - r e d ,  u l t r a v i o l e t ,  n u c le a r
m agnetic resonance and mass sp e c tra )  of the  two ketoaldehydes were
ve ry  s im ila r*  The in f r a - r e d  sp e c tra  (c a rb o n - te tra c h lo r id e
s o lu tio n  and l iq u id  f ilm ) in d ic a te d  th e  p o s s ib le  presence  of a
cyclohexanone system and a conjugated  aldehyde group (Fig* 23)0
In  th e  u l t r a v i o l e t  spectrum , ab so rp tio n  a t  2-44- inp (S =9,000) was
a t t r ib u te d  to  th e  con jugated  aldehyde group . ' The mass s p e c tra
of th e  two compounds were superim posable, b u t were h ig h ly  complex
in  appearance. The NMR sp e c tra  were a lso  s im i la r0 A d e ta i le d
decoupling  a n a ly s is  i s  d esc rib ed  in  pages 32 to  60 . P re lim in a ry
exam inations re v e a le d  in  each case an a ldehydic  p ro to n  (q rO .49),
a  v in y l ic  p ro to n  (q ;3 «20) ,  a t e r t i a r y  a l l y l i e  p ro to n  ( ^ ~ 7 . 15) ,
two secondary a l ly  l i e  p ro to n s  ( Y  7 . 34-) 2nd two p ro to n s  oJ to  the
ketone group ( 9? 7 .4 9 )o In  th e  m ethyl reg io n  a t e r t i a r y  m ethyl
group was e v id en t a t  Y  9 .2 5 , end two d o u b le ts  (J=7 cps) were
\
a sc rib e d  to  an iso p ro p y l group«
c .fo  m vrtenal (40); a b so rp tio n  p re d ic te d  by Woodward’s 
r u le s ,  230 mpj ab so rp tio n  observed , 247 mp ( £= 8 ,5 0 0 ).
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The presence  of the  fu n c tio n a l groups d ep ic ted  in  Fig* 23 :
was th e re fo re  in d ic a ted o  C on sid era tio n  o f the  known t r i c y c l i c  
se sq u ite rp en e  sk e le to n s  rev ea led  th a t  th e  only one which could  
accommodate th e se  fu n c tio n a l  groups was th e  y langene/copaene 
type (3 5 a ,b ) . The problem thus re so lv ed  i t s e l f  in to  a ss ig n in g  
s t ru c tu re s  (36a) and (36b) to  the*ketoaldehydes, or p o s tu la t in g  
a novel t r i c y c l i c  r in g  system ,
A p a i r  of k e to a lco h o ls  which occur to g e th e r  w ith  the  
ketoaldehydes as. m ajor c o n s t i tu e n ts  of B rachylaena h u tc h in s i i  
were se p a ra te d , w ith  d i f f i c u l t y ,  in  very  low y ie ld ,  NMR exam ination 
re v e a le d  th e  presence  o f a prim ary a l l y l i c  a lco h o l fu n c t io n a l i ty  
( X 5«95 2H) and an iso p ro p y l group (two do u b le ts  cen tred  on 
X 9o0 and x  9 .1 3 / .  J  = 7 cps, 3H each) and a t e r t i a r y  m ethyl group 
( s in g le t ,  X 9.14-? 3H)e O xidation of one k e to a lco h o l isom er to  
ketoaldehyde (36a) e s ta b lis h e d  a simple r e la t io n s h ip .
F u r th e r  in v e s t ig a t io n s  were cen tred  on th e  ketoaldehyde 
isom ers, which were more e a s i ly  sep a ra te d , and the  d io ls  (37a),
(37b) and (37c) which were ob ta ined  by re d u c tio n  of th e  
ke toaldehydes.
High R eso lu tio n  NMR A nalysis  of th e  Isom eric K etoaldehydes 
The p o te n t ia l  s t r u c tu r a l  a f f i n i t y  of the isom eric  
ke toaldehydes w ith  the  monoterpene aldehyde m yrtenal (which has 
r e c e n tly  been the  s u b je c t of d e ta i le d  NMR s t u d i e s ^ 3^ )  prompted 
com parative NMR exam ination . A ccordingly , th e  NMR spectrum  
100 M c/s.) of each isom er was su b jec ted  to  sp in  decoupling of every
Fig* 23
10;
NMR sp e c tru m  (l0 0 M c/s)o f k e to a ld e h y d e  (iso rner 36b)' in  CDC1
TABLE 6
Observed Coupling Constan ts  (cps)
M yrtenal Ketoaldehyde Ketoaldehyde
(36b) (36a)
<£>c 1 .4 lo5 1*5
Jbd]_ 3 .0 3o0 3.0
Jbd2 3o0 3 .0 3 .0
Jbh 1 ,4 1 .5 1 .5
^ch 5.8 6*5 6.5
^ ci 0,04 <0.05 < 0.05
Je j 5 .4 - -
‘p jdg # #
Jdl h
2*3 3 3
Jda i 0 0 0
V.dph 3 ,0 3 3
£ 2i 0 0 0
Jel e2 0
#
J e i f - 0 0
Je2f - 0 0
J fg T X
J f i - 2 .0 2 .0
Jg l - 6 6
Jgm - 6 6
* The spectrum i s  in s e n s i t iv e  tc  th is  co n stan t, which
cannot be ev a lu a ted  because S Hcrpm = S h 1. gem,
^ i>Kf = $ll9. th e re fo re  Jv ic  cannot be determined,.
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TABLE 7
Com parative Chemical S h i f t  Data (100 M e/s)
a
b
c
Al
<*2
el
e2
f
g
h
i
Me(k) 
M e(l) 
Me (m)
M yrte'nal 
0.48 t  
3o29 
7 .12
7 .43
7 .43  .
7 .8 0
8 .96
7 .5 1
9.26
K etoaldehyde (36b) 
0 .49
3 .2 0  
7.12 
7o34
7 .3 4
7 .49
7 .4 9
7 .7 6
7 .7 6  
7 .96  
8 .15
9 .25
9.06
9 .19
Ketoaldehyde (36a) 
0 .49  ^
3 .20
7 .20  
7 .3 4 -
7 .3 4
7 .49
7 .49
7 .62
7.62 
7.82 
8.10
' 9.26
9 .0 4
9 .11
2003Q0400
Fig. 27
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p ro to n  in  tu rn ,  in  o rd er th a t  a d e f in i te  c o r r e la t io n  w ith  the  
monoterpene analogue, m yrtena l, could be e s ta b lis h e d . Comparative 
chem ical s h i f t  and decoupling d a ta  a re  p resen ted  in  Tables 6 and 7o
K etoaldehyde (36b)
Aldehydic p ro ton  Ha was u n s p l i t  under the  co n d itio n s  o f 
r e s o lu t io n  employed, and corresponded e x a c tly  in .ch em ica l s h i f t  to  
th e  a ldehyd ic  p ro to n  of m y rtena l0
V in y lic  p ro to n  Hb corresponded c lo se ly  w ith  Hb in  m yrtena l, 
in  bo th  c h e m ic a l 's h if t  and m u l t ip l ic i ty 0 Double i r r a d ia t io n  on Hb 
r e s u l te d  in  se v e ra l s t r u c tu r a l ly  s ig n if ic a n t  changes in  the r e s t  of 
the . spectrum  (F ig s, 29 and 3 0 ).' Coupling of 1 ,5  cps. to  a l l y l i c  
m ethine p ro to n  He was removed, sharpening the He d o u b le t. This 
compares fav o u rab ly  w ith  Jbc = 1 ,4  cps. in  m yrtenal. The q u a r te t  
a sc r ib e d  to  the  a l l y l i c  m ethylenic p ro to n s Hdl and Hdp co llap sed  
to  a t r i p l e t .  This i s  in  accordance w ith  the  p roposa l th a t  Hdq and 
H&2 comprise an 1AB1 system in  which th e  chem ical s h i f t  of A i s  
c lo s e ly  s im ila r  to  t h a t  of B. The r e s u l ta n t  AB q u a r te t  i s  
m an ifested  as two c lo se ly -se p a ra te d  peaks, the  s a t e l l i t e  peaks of 
th e  q u a r te t  being  v a n ish in g ly  sm all. These two peaks a re  fu r th e r  
s p l i t  e q u a lly  by Hh (s in ce  Hdq and Hd2 subtend equal ang les  w ith  Hh) 
by 3 cp s, a ffo rd in g  th e  observed t r i p l e d  (F ig . 3 0 )0 In  m yrtenal, 
th e  observed v a lu es  are  Jd^h = 2 .8  'cp s0 and = 3 cp s. The
complex m u lt ip le t  a sc rib e d  to  Hh was co n sid erab ly  s im p lif ie d  by 
rem oval o f long-range coupling w ith  Hb of approxim ately 1 .5  c p s .,
j-r
p ro to n  Hb th u s  re v e a le d  s ig n i f ic a n t  p a ra l le l is m s  between the  
ketoaldehyde and m y rten a l, end co rro b o ra ted  se v e ra l of th e  
proposed assignm ents*
T e r t ia ry  a l l y l i c  methine p ro ton  He appeared as a d o u b le t 
( J  = 605 cps*) f u r th e r  s p l i t  by v in y lic  p ro ton  Hb by 1 05 cps, a t  
*X 7.12* This chem ical s h i f t ,  to  which the  double bond, the 
a ldehyde, th e  t e r t i a r y  s u b s t i tu t io n  end th e  a n iso tro p ic  sh ie ld in g  
of th e  eyclobutane r in g  a l l  c o n tr ib u te , corresponds e x a c tly  to  th a t  
o f He in  m yrtenalo This co incidence in  chem ical s h i f t  s tro n g ly  
su p p o rts  a p a r t i a l  s t ru c tu re  fo r  the  ketoaldehyde in c lu d in g  a 
m y rten a l-ty p e  m oiety . Double i r r a d ia t io n  on He r e s u l te d  in  
coalescence  o f the  Hh m u lt ip le t  by removal of 6 .5  cps. co u p lin g . 
B a c k - ir ra d ia tio n  on Hh caused the  He d o u b le t to  co lla p se  to  a 
s in g le t ,  confirm ing the  coup ling . The magnitude of t h i s  coup ling , 
which occurs th rough  4 fav o u ra b ly -o rien te d  <r -bonds i s  s im ila r  to  
the  co rresponding  coupling  across th e  eyclobutane r in g  in  m y rten a l, 
in d ic a t in g  the  s im i la r i ty  between the m olecules.
The s ig n a l a t  X  7 .34  a sc rib ed  to  the  a l l y l i c  m ethylenic p ro tons 
occurs a t  s im ila r  chem ical s h i f t  in  m yrtenal. Double i r r a d ia t io n  
a t  t h i s  p o in t  r e s u l te d  in  a s im p lif ic a t io n  of the  Hh m u l t ip le t  to  a 
d if fu s e  d o u b le t, confirm ing the v ic in a l^ re la t io n s h ip  o f th e  Hd protons 
and Hh. A s im ila r  r e s u l t  was ob tained  in  the m yrtenal study®
The 2 -p ro to n  s in g le t  a t  X 7 .49 corresponds in  chem ical s h i f t  
to  p ro to n s  to  a carbonyl group. Exam ination o f models of th e  
p o s s ib le  ketoaldehyde s tru c tu re  (3o) re v e a ls  th a t  p ro to n s  He-j and Hep
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can, by v i r tu e  o f f a c i l e  in te rc o n v e rs io n  of r in g  c o n fc rn e rs ,
become m a g n e tica lly  e q u iv a len t on th e  HMR tim e s c a le , end subtend
in  t h i s  tim e-averaged  c o n fig u ra tio n  a d ih e d ra l engle o f 90° w ith
the  v ic in a l  Hf proton* The observed u n s p l i t  s ig n a l can th e re fo re
be accommodated w ith in  s tru c tu re  (36) w ith o u t invoking unprecedented  
-2
assum ptions .
Double i r r a d ia t io n  on the  2 -p ro ton  m u lt ip le t  a sc r ib e d  to  the  • 
t e r t i a r y  p ro to n s  Hf and Hg re s u l te d  in  co lla p se  of th e  two 
iso p ro p y l d o u b le ts  (J=6 c p s .)  centred, on Y 9 .0b  and 9 .19  to  two 
s in g le t s ,  confirm ing the assignm ent o f th e  iso p ro p y l m ethine p ro to n  
Hf, Back i r r a d i a t i o n  confirm ed t h i s  r e s u l t .  The d o u b le t a ss igned  
to  Hf ( J f i  = 2 c p s .)  a lso  co lla p se d , s'luoporting the  v ic in a l  
assignm ent of Hf and Hi and p o in tin g  to  a tim e-averaged  d ih e d ra l 
ang le  of 60°.
Double i r r a d i a t i o n  on the complex Hh m u lt ip le t  produced th e  
expected  changes in  th e  spectrum 0 Coupling of 6 ,5  cps, to  He was 
removed, as a lre ad y  no ted . V ic in a l coupling to  Kgg and H^q was 
removed, causing  the  q u a r te t  a t  Y 7 .35 to  co lla p se  to  a d if fu s e  
d o u b le t ( r e s id u a l  coupling  of 3 cps to  Hg as in  m yrtenaljo  The 
chem ical s h i f t  of Hh in  t h i s  isomer i s  Y 7 .9 6 , compared to  Y 7.82 
in  th e  o th e r isom er and Y 7 .HO in  m yrtena l, This a d d it io n a l  
s h ie ld in g  i s  p o ss ib ly  a consequence of the iso p ro p y l group being in
#In b ic y c l ic  system s such as b ie y c lo -(3 ,3 ,l) -n o n a n -2 -o n e  
and b ic y e lo  -(3 ,2 ,2 )-n o n an -2 -o n e  the m athylenic p ro to n s 
appear as a s i n g le t  in  s p ite  of apparen t magnetic 
non-equivalence  (p r iv a te  corm unication from Dr.V, P a rk e r, 
of t h i s  d ep artm en t),
po
t h e syn r e la t io n s h ip  which would r e s u l t  in  s tro n g  Vsn d er Waals 
in te r a c t io n s  and consequent sh ie ld in g  of H*no The s te reo ch em is try  
of t h i s  isom er (36b) may th e re fo re  be in d ic a te d  p ro v is io n a lly  as 
t h a t  of y langene (35b )0
The* Hj[ p ro to n  appears a t  8 .1 5 , compared w ith 'V S„95 i n '  
m y rten a l, b u t t h i s  i s  im m ediately exp la ined  by the  f a c t  t h a t  i t  
• l i e s  2*5? d i r e c t ly  behind the  carbonyl g roup-in  a l in e  drawn through 
th e  2 - fo ld  C—O axis, and i s  th e re fo re  in  a p o s i t io n  of maximum 
d e sh ie ld in g . Coupling w ith  Hf ( J i f  = 2 c p s .)  was dem onstrated  by 
double i r r a d i a t i o n  a t  Hi*
The sh ie ld ed  t e r t i a r y  m ethyl group a t  9*25 corresponds 
/ \ *e x a c tly  w ith  Me(k) in  m yrtenal . The u p f ie ld  s h i f t  e x h ib ite d  by 
th e se  m ethyl groups i s  in d ic a t iv e  of t h e i r  p o s i t io n  above the  
iT-cloud of the o le f in ic  double bond.
In  co n c lu s io n , th e re  i s  accordance between the s p e c tr a l  
p a ram eters  d e riv ed  fo r  m yrtenal by the American w orkers, and th e  
param eters  ev a lu a ted  fo r  the  ketoaldehyde* The chem ical s h i f t s  and 
coup lings o f the a d d i t io n a l  p ro tons (H^, Heq, Hf, Hg, M e(l), Me(m) ) 
a re  a lso  accommodated w ith in  s tru c tu re  (36) by invoking ra p id  
in te rc o n v e rs io n  of the  cyclohexanone r in g  ccnform ers, as in d ic a te d  
by exam ination of models© The methine photon resonance a t  qr 7 .96  
may in d ies .te  the  ylangene s te reo ch em istry  ( 36b ) f o r  th i s  p a r t ic u la r  
isom er.
**The -k e to  group in  th i s  p a r t ic u la r  environm ent would n o t be 
expected  to  a l t e r  the  chem ical s h i f t  ap p rec iab ly  c f Q bornane, 
K e(lO ), V 9 « l? j cam phor, Me(1 0 ) , t  ? . l l .
y /  -
K etoaldehyde (36a)
System atic  decoupling  was a lso  perform ed on th i s  isom er, bu t 
th e  more congested n a tu re  o f the  spectrum  (F ig .27) caused some of 
th e  r e s u l t s  to  be obscured by s id e-b an d s0 N ev erth e le ss , s ig n i f ic a n t  
d a ta  were o b ta in ed , supporting  the epimeric. s tru c tu re  (3 6 a),
Aldehydic p ro to n  Ha was u n s p l i t  under the  r e s o lu t io n  co n d itio n s  
employed, and appeared a t  the  same frequency as th e  a ldehyd ic  p ro ton  
of m y rten a l.
V in y lic  p ro to n  Hb again  ex h ib ite d  the same chem ical s h i f t  and 
m u l t ip l i c i ty  as in  m yrtena l. Double i r r a d ia t io n  a t  t h i s  p o in t  
removed th e  1 .5  cps. coupling  to  He which i s  a lso  ev id en t in  
m yrtenalo The a l l y l i c  m ethylenie q u a r te t  a t  'c 7.34- was reduced to  
a d o u b le t, due to  th e  m ag netica lly  eq u iv a len t p ro tons Hop and Hd.2 
sub tend ing  eq u a l an g les  w ith  Hh (Jdph=Jd2h=3 cps, as in  m y rten a l) .
The complex sp in  system  which causes Hh to  appear as a m u lt ip le t  
i s  s im p lif ie d  by removal of a sm all (perhaps v i r t u a l )  co u p lin g , 
ag a in  co rresponding  to  myrtenalo
T e r t ia ry  a l l y l i c  me thine- p ro ton  He again  d iffe red , only 
s l i g h t ly  in  chem ical s h i f t  from the  corresponding p ro to n  in  m yrtenal, 
and was shown by double i r r a d ia t io n  on Hc and H*a to  be coupled w ith  
Hh (Jch  = 6 . 5  c p s .)
The secondary a l l y l i c  m ethylenie p ro tons Hap and Hdq appeared 
as v i r t u a l l y  e q u iv a len t pro tons a t  'V 7.34 (m yrtenal, X 7 .4 3 ) . The 
e f f e c t s  of i r r a d i a t i o n  on the q u a r te t  were obscured by side  bands0
The gem inal p ro to n s  c< to  the  carbonyl group in  th e  
cyclohexanone. r in g  appeared in  th i s  isom er a t  T  7.4-9 as a 
d o u b le t . Making the  reasonab le  assum ption th a t  the r in g  i s  
ag a in  co n fo rm a tio n a lly  m obile, i t  i s  probable t h a t  the two p ro tons 
a re  alm ost m ag n e tica lly  eq u iv a len t (d if fe re n c e s  in  t h i s  isom er 
being  a sc rib e d  to  d i f f e r e n t  steric- and a n iso tro p ic  e f f e c t s  of the
iso p ro p y l g roup ). In  th i s  in s ta n c e , an extreme AB system , in
which ^  8->, occu rs. The in n e r lim bs of t h e 't h e o r e t i c a l  AB
q u a r te t  a re  enhanced in  in te n s i ty  r e la t iv e  to  the o u te r  lim bs, 
which disappear®
Double i r r a d i a t i o n  on the m u lt ip le t  a sc rib ed  to  Hf and Hg 
r e s u l te d  in  c o lla p se  of the iso p ro p y l doub le ts  to  two s in g le ts ,  
confirm ing  the  assignm ent of Hg0 Coupling to  Hf (Jpj_ = 2 c p s .)  
was a lso  removed0
Double i r r a d ia t io n  on th e  m u ltip le t  a t  1  7.82 ( *X 7 .80 
in  m y rten a l)ag a in  caused the  Hc doub le t to  coalesce  to  a s in g le t
due to  rem oval of the  4-0' coupling (Jhc = 6 .5  cps. c f 0 Jftg =
5 .8  cps. in  myrtenal)® The e f f e c t  on the v ic in a l  protons. Hdq and ' 
Hdo was obscured by a s id e  band®
Hi appears in  th i s  isomer a t  T  8.10 compared, w i th 't '  8 .95 —n . 
myrtenal® A s im ila r  ex p lan a tio n  to  th a t  invoked fo r  th e  epim eric 
ketoaldehyde probably  h o ld s . Decoupling e f fe c ts  on the re le v a n t  
re g io n s  of th e  spectrum  vrere  lo s t  because of s ide  bar.ds0
The com parative chem ical s h i f t  d a ta  and decoupling r e s u l t s  fo r
s im i la r i ty  between the  r in g  systems® The s im ila r  HMR param eters 
o b ta ined  fo r  th e  isom eric  ketoaldehydes and m yrtenal appear to  
p rec lu d e  th e  p o s s ib i l i t y  of any r in g  system o th e r than  the  
copaene-ylangene sk e le to n .
HO
Hm
Ho
J m c
Ha i r r a d ?  cn Ha
J tno
Jan
Ja m
J a n
Jao
NMR sp ec tru m  (lOOMc/s. ) o f  d i o l  (37u)
inCDCl-,
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S te reo ch em istry  of D iol (37a) -  Spin Decoupling Resul t s
Xn an a ttem p t to  e lu c id a te  the r e la t iv e  s te reo ch em istry  o f .
th e  hydroxyl group and the  iso p ro p y l group, the th re e  d io l  isom ers
(o b ta in ed  by re d u c tio n  of the ketoaldehydes, p<»3 0 ) were su b jec ted
to  c lo se  s c ru tin y  by NMR a t  100 Mc/s. D io l (37a) was p a r t i c u la r ly
• amenable to  NMR sp in -d eco u p lin g , since th i s  was the  only  isom er
in  which the  secondary a lco h o lic  methine p ro ton  d if f e r e d  in
chem ical s h i f t  from the  prim ary a l l y l i c  m ethylenie p ro to n s
( T  5 .8  and 6 .1  r e s p e c t iv e ly )0
The s ig n a l  a sc rib e d  to  Ha (F ig . 31) i s  apparen t as a t r i p l e t ,
from  which i t  can be deduced th a t  Jam ~ Jan* .The Ha t r i p l e t  i s
f u r th e r  com plicated  by long-range 4 ^  coupling of magnitude
J  = 1 .5 -2 .0  cps. I r r a d ia t io n  on the  secondary m ethine p ro ton  (H ) ,  ao ct
which com prises one p a r t  of a 4 -sp in  13210 system, r e s u l te d  in  an 
i l lu m in a t in g  s im p lif ic a t io n  of the spectrum; a q u a r te t  o f doub le ts  
c o lla p se d  to  two d o u b le ts  (F ig .31) of an 1310 system in  which
Jim “ 0 and Jj-fio Jr,Q.
The m agnitudes of the  observed couplings, were: Jam -  5 cps, 
co rrespond ing  to  a tim e-averaged d ih e d ra l angle of 45 or 130° ;
J an = 5 cps, (d ih e d ra l angle 45 or 130°) ; J a0 ”  1*5 cp s . ;
Jmn = 0 ( th i s  i s  a consequence of the m o b ility  of uhe ring
which r e s u l t s  in  m agnetic equivalence of Hm and Hn ) ;
Jmo " M- cps (dihedral angle 160°) ; Jno = 8 cps (dihedral angle 
28 or 135°). The hydroxyl and isopropyl group in  each of the 
d io ls  were conform atio n a lly  mobi.ie, however, so t h a v  assignment/.
of s te reo ch em istry  on th e  b a s i s  o f-K a r p l u s ’ r e l a t i o n s h i p s  
was deemed to  be u n sa fe . I t  i s  p o ss ib le  t h a t  low -tercperatu re  
NMR a n a ly s is  of t h i s  d io l  would r e s u l t  in  s te reo ch em ica lly  
s ig n i f ic a n t  r e s u l t s .
Chemical M o d ifica tio n  of the  Molecule 
The c r y s ta l l in e  d io ls  (3 7 a ,b ,c ) were more r e a d i ly  a v a ila b le  
than  th e  n o n -c ry s ta l l in e  ketoaldehydes (3 6 a ,b ) 0 A ccordingly , 
s e v e ra l d eg rad a tiv e  approaches in v o lv in g  o x id a tiv e  cleavage o f th e  
u n s a tu ra te d  r in g  were examined0 The i n s t a b i l i t y  o f  th e  r in g  
system  was ra p id ly  m an ifested , as conven tional d eg rad ativ e  
p rocedu res such as o zono lysis  (red u c tiv e  and o x id a tiv e ) , le ad  
t e t r a - a c e ta te  cleavage and osmium te tro x id e -so d iu m  p e rio d a te  
cleavage a ffo rd ed  heterogeneous p roduct m ix tures which precluded  
fu r th e r  exam ination . The most p ro f i ta b le  approach, however, 
invo lved  tre a tm e n t of the  b is - a c e ta te  (38) of one of th e  d io ls  
w ith  osmium te t ro x id e ,  fo llow ed by p a r t i a l  p e rio d a te  c leavage^", 
a ffo rd in g  a p roduct whose s p e c tra l  d a ta  were, c o n s is te n t  w ith
s tru c tu re  (3 9 ) ;
NMR, 60 Me/s ; 
r o . 1 6  (1H, t r i p l e t ,  J=1 cps) : -  CH2 -  CHO
5.4-1 (2H, s in g le t )  : -  CO-CH2-OCOCH3
6.42 (1H, 2 d o u b le ts , J 1v ie =13 cps, J ^ v ic =8 cps) : -CH?~CHR-QC0CH3
7.86  (3H, s in g le t )  : -OCOCH3 .
7 .9 8 (3H, s in g le t )  : - 0002113.
9 .01  (3H, s in g le t )  : CR3-  CH3 .
9 .08  (3H, d o u b le t, J=7 cos)
' ) (gji3)2-om 2
9 .19  (3H, d o u b le t, J=7 cps)
The p ro d u c t from the corresponding d io l  decomposed ra p id ly  0:1 standing*.
F ig . 32
36b K = C H O  
42, R=CH3
4 3 , R=CH3
4 4 , • R=CHO
RQ
4 5 , R=CHO 
R=H
4 6 , .R= 
ifcH -5
4 7 a , R=Me 
R=II
4 8 a , R=Me
-rJ t-R=H
48 b , R=Me 
R=H
4 ? b , R=Me
R=SiMe.
F ig . 33
+  Q + Q,
RQ
3 0  (m /e 99)
3 1  (m /e 17 l)R =SiM e5
Mass s p e c t r a l  exam ination of the  derived  compounds 
re v e a le d  in  each case a h ig h ly  complex frag m en ta tio n , e s p e c ia l ly  
when th e  double bond was p re s e n t .  Fragment ions such as (4-9) >
(50) and (51) were of s ig n i f ic a n t  abundance in  compounds (4 1 ),
(46) and'ftBb), b u t were a b sen t, or p re se n t only  as minor sp e c ie s , 
i n  th e  o th e r  compounds0 S tru c tu re s  (4-l)~(4-Sb) were th e re fo re  
n o t r e a d i ly  re c o n c ile d  w ith  the complex mass s p e c tra .  This was 
n o t s u rp r is in g  in  view of the  s tra in e d  t r i c y c l i c  system , which 
p robab ly  com plicated  the  frag m en ta tio n  p ro c e sses .
Conversion of th e  ketoaldehyd.es to  the corresponding  o le f in ic  
hydrocarbons was n o t s a t i s f a c t o r i l y  achieved because of lack  of 
time* P re lim in ary  sm a ll-sca le  in v e s t ig a tio n s  rev ea led  two 
p o te n t ia l  ro u te s , W olff-K ishner tre a tm en t of ketoaldehyde (36a) 
( i r U =  1760) a ffo rd ed  a very  low y ie ld  of a m ixture o f ’ hydrocarbons, 
one of th e  major c o n s t i tu e n ts  of which corresponded, to  copaene when 
examined on th re e  d i f f e r e n t  GLC phases (See Experim ental S e c tio n ) . 
S im ila r ly , th e  b is - th io e th y le n e k e ta l  when t r e a te d  w ith  Raney n ic k e l 
a ffo rd e d  a low y ie ld  o f a m ixture of hydrocarbons.
# These tra n s fo rm a tio n s  were perform ed on a sm all s c a le ,  and th e  
p ro d u c ts  ev a lu a ted  by GLC (where p o s s ib le )  and s p e c tra l  
techniques*
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C onclusions
The e s s e n t ia l  o i l  from e x tra c tio n  of the heartwood of 
B rachylaena h u tc h in s i l  c o n ta in s , as m ajor c o n s t i tu e n ts ,  two 
iso m eric  ketoa3_dehvdes which can be sep ara ted  as th e  co rresponding  
d io ls  formed by re d u c tio n  and recovered  by re -o x id a tio n . 
C o n sid e ra tio n  of s p e c tr a l  d a ta , and comparison w ith  th e  
ap p aren t m onoterpenoid analogue m yrtenal (4-0), in d ic a te s  t h a t  
th ey  a re  oxygenated ylangene and copaene ty p es , i . e .  th ey  a re  
iso p ro p y l epim ers. The s p e c tra l  evidence p resen ted  s tro n g ly  
sup p o rts  s t ru c tu re s  (36a) and (36b), b u t conclusive  evidence w i l l  
n e c e s s i ta te  a d i r e c t  c o r r e la t io n  w ith  the  known copaene and 
ylangene sk e le to n s . M od ifica tion  of the  W olff-K ishner re d u c tio n , 
o r th e  Raney n ic k e l d e su lp h u r iz a tio n  of the  b is - th io e th y le n e  
g ly c o l d e r iv a tiv e  should r e s u l t  in  unambiguous s te reochem ica l 
assignm ent of each epim er. C o rre la tio n s  between th e  two 
ketoaldehydes (36a) and (36b) and th e  th re e  d io ls  (3 7 a ,b ,c )  have 
been e s ta b lis h e d , b u t the r e la t iv e  s te reo ch em istry  of th e  d io ls  
has n o t been in v e s t ig a te d .  I t  i s  d i f f i c u l t  to  envisage an 
a l te r n a t iv e  sesq u ite rp en e  r in g  system which could accommodate th e  
d a ta  p re se n te d .
The k e to a lco h o l isom ers which occur w ith  the  ketoaldehydes 
were is o la te d  in  very  low y ie ld .  They v/ere shown to  correspond 
in  r in g  s tru c tu re  to  the ke toaldehydes.
A2Ylangene and copaene co-occur i n  the same p la n t .
The occurrence, of th e  two ketoaldehydes to g e th e r , i s  th e re fo re  n o t 
u n u su a l.
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2 .3  EXPERIMENTAL
T y p ica l E x tra c tio n  of Hear two od of 
B rachylaena H u tc h in s il
The heartwood of B rachylaena h u tc h in s i i  (6 /g) was reduced 
■ to  sawdust and re f lu x e d  in  a Soxhlet apparatu s w ith  e th y l 
a c e ta te  (11 .) f o r  24 hours® The lig h t-b ro w n  so lu tio n  thus 
o b ta in ed  was co n cen tra ted  in  a co n tin uous-feed  ro ta ry  ev ap o ra to r 
a t  50° to  a brown oil® The l a s t  t ra c e s  o f e th y l a c e ta te  were 
removed a z e o tro p ic a l ly  w ith  benzene, y ie ld in g  12 g. o f a v isco u s 
oil® E x tra c tio n  w ith  chloroform  showed t h i s  o i l  to  be alm ost 
com pletely  s o lu b le , a p a r t  from a very  sm all q u a n tity  of an 
amorphous brown s o l id 0 The chloroform  e x tr a c t  was washed 4 tim es 
w ith  w ater (which assumed a yellow  c o lo u r) , d r ie d  over 
anhydrous magnesium su lphate  and co n cen tra ted , y ie ld in g  a 
red-brow n o i l  (11.5  g ) .
*
TABLE 8*
F ra c tio n s  
combined 
f  oIlovjin.R 
TIC
1-2 • 
3-13 
14-30 
31-39 
AO-63 
64-74 
74-100
E luen t
Weight
o b ta ined Content
25% e th e r - p e t r o l 1 .20  g
II I! 0 .65  g (37a)
11 u 0 .1 0  g ' (37a)+(37b)
tt it OolO g (37a)+(37b)
it n 2 .00  g (37b)
50$ e th e r - p e t r o l 0 .20  g (37b)+(37c)
100$ e th e r 1 .00  g (37c)
TABLS 9,
D iols 
Rf* (e th e r)
(37a)
0 .50
(37b)
0 ./+0
(37c)
0.30
t 125
SE-30 1790 1790 1790
K etoaldehydes (36a) (36b) (36c)
R.p (e th e r ) 0 .70 0.70 0.70
t 125
SE-30 1760 1725 1760V
i . 9* (36a) = (36c)
37b , ° v 36b
3 7 *^ 0
37=) j6a
u o
Sodium Borohydride R eduction of K etoaldehydes.
The isom eric  ketoaldehyde m ixture (6 .3  g) was d is so lv e d  in
60% m ethanol-w ater (50 ml) and 1*5 g sodium borohydride added.
The s o lu tio n  was s t i r r e d  o v e rn ig h t, and p a r t i t io n e d  between e th e r
and water* The e th e r e a l  e x t r a c t  was d r ie d  over anhydrous
magnesium su lp h a te  and evaporated  in  vacuo, y ie ld in g  an o i l
. (6*2 g) which c r y s ta l l i s e d  on s tan d in g . Comparative TIC (e th e r)
in d ic a te d  th e  fo rm ation  of th re e  w e ll-se p a ra te d  re d u c tio n  p ro d u c ts
(Hf 0.5* 0 .4  and 0 o3)o GLC in d ic a te d  complete re a c t io n  of
s t a r t in g  m a te r ia l:  the  fo llow ing  p roducts  were e v id e n tj 
I 05
^  1700 and 1720, u n reac ted  im purity  in  ketoaldehyde m ix tu re;
175IgE 20 1790 5 m ixture of red u c tio n  p ro d u c ts , n o t re so lv ed  by 
1% SE-30.
Chromatography of R eduction Products 
The t o t a l  r e a c t io n  p roduct ob ta ined  from the re d u c tio n  of the  
ke toaldehydes was d is so lv e d  in  25$ d ie th y l  e th e r - l ig h t  petro leum  
(15 ml) and adsorbed on to  n e u tra l  alum ina (250 g Woelm grade I I I ) .  
E lu tio n  was con tinued  w ith  the  same m ix tu re . A liquo ts  of 80 ml0 
were c o lle c te d . R esu lts  of the  chromatography are  ta b u la te d  
o p p o s ite .
F ra c tio n s  3-13 on evapora tion  y ie ld e d  isom er (37a) (0 .650 g)
pure  (mp. 1 1 1 .5 -1 1 2 °). A nalysis! C}. 76.15; H, 10.03! re q u ire d
f o r  O .r H2 ,0 2 ; C, 76.23  ; H, 10.2&S : M D-1 0 .3 °
10
(c , 1 .0  in  CHCI3 ) :  1790 : Rf  (e th e r)  0 .5 0 .
*
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F ra c tio n s  40-63 y ie ld e d  isom er (37b) (2 ,0  g) as a c r y s ta l l in e  
s o l id  (mp, 113.5 -  114°). A nalysis : C, 76.45s H, 10.39;
re q u ire d  f o r  02 i C, 76*23 ; H, 10.24# : •[«*] D -  85 .6
( c , 1 .0  in  CHCI3 ) : I “^ ^ 1 7 9 0  : Rp (e th e r)  0 ,4 0 .
F ra c tio n s  74-100 y ie ld e d  isomer (37c) (1,0  g) as a c r y s ta l l in e  
• s o l id  (mp, 141-142° ) 0 A nalysis : C? 76.12? H* 10.21  :
' re q u ire d  fo r  O j ^ ^ :  C, 76.23: H, 10,24^ : M p  + 18°o
Rp (e th e r )  0 .3 0 ,
C o rre la tio n s Between Diol s  and Ketoaldehydes. (S a r e t t  O x idation)
1 mg o f each d io l  was d isso lv ed  in  d ry  p y rid in e  (0 ,2  ml) and 
0 .5  ml of a stock  suspension  of chromium tr io x id e  in  p y rid in e  
(1 ,0  g in  10 ml) added. The s o lu tio n s  were l e f t  s tan d in g  o v e rn ig h t, 
and p a r t i t io n e d  between 2N h y d roch lo ric  a c id  (15 ml) and e th e r  
(25 m l). The e th e r  e x tr a c ts  were washed w ith  b icarb o n ate  and d r ie d  
over anhydrous magnesium su lp h a te . The r e s u l ta n t  o x id a tio n  
p ro d u c ts  were examined by GLC and th e  c o r re la t io n  between the 
ep im eric  a lco h o ls  and the epim eric ke toaldehydes e s ta b lis h e d  
(T able 9 ) .
. C o rre la tio n  between K etoalcohol s  and K etoaldehydes.
P re p a ra tiv e  T'LC of the  m ixture of Ice toalcoho l isom ers
ID Z
(igi? 1780 and 1790) which co -occur-w ith  the  ketoaldehydes in
the  e s s e n t i a l  o i l  of B rachylaena hu tch i n s i l  a ffo rd ed  one isom er 
T 2 5(Igp  1790) pure; in  low y ie ld .  To 8 ,3  mg of t h i s  isom er in
p y rid in e  (0 .1  ml) was added 1*5 ml a stock  suspension of
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cnromium t r io x id e  (50 mg) in  p y rid in e  ( l  ml) e A fte r 5 m inutes 
the  p roduct was is o la te d  as above» Comparison of the  r e te n t io n  
d a ta  on. GLC and TuC, and of th e  s p e c tra l  date, ( in f r a - r e d  and 
u l t r a v i o l e t )  in d ic a te d  th a t  the p roduct corresponded to  
ketoaldehyde (36a) ( iH 'L ,.  1760).
OjL~J?U
Reductive O zonolysls o f Dio l. (37b)
D io l (B mg) in  e th y l  a c e ta te  (10 ml) was cooled to  -70° 
and ozone bubbled through fo r  8 m inutes, t i l l  th e  so lu tio n  acq u ired  
a p u rp le  c o lo u r0 Oxygen was bubbled through f o r  3 m inutes, and 
the  s o lu tio n  allow ed to  a t t a in  room tem p eratu re . G la c ia l a c e tic  
a c id  ( l  ml) and z inc d u s t ( ^ 3 0  rag) were added, the so lu tio n  
s t i r r e d  f o r  12 hours and f i l t e r e d  through C e l i te .  E vaporation  
in  vacuo, u s in g  benzene fo r  azeotropi'c  removal of the  l a s t  t ra c e  
o f a c e t ic  a c id , a ffo rd ed  a w hite re s id u e , from which th e  p roduct 
(6 mg) was e x tra c te d  w ith  methylene c h lo r id e 0 TLC ( l$  e th y l  
a c e ta te - e th e r )  in d ic a te d  two p roducts (Rf 0 .7 0 , 0 .65) which could 
only  be observed w ith  an iod ine spray . GLC SE-30, 125°) a lso  
in d ic a te d  two p ro d u c ts , b u t peak re s o lu t io n  was very  poor.
O xidative Qzonolysis of D io l.(37b)
N
D io l (4-1 mg) in  e th y l a c e ta te  (20 ml) was t r e a te d  as above,
b u t th e  ozonide was decomposed by s t i r r i n g  ov ern ig h t w ith  30%
hydrogen perox ide  (30 m l). Evaporation in  vacuo a ffo rd ed  an o i l
(30 mg) which was so lu b le  w ith  e ffe rvescence  in  b icarbonate
*
s o lu t io n e TLC (b en zen e /d io x an e /ace tic  acid* 90 /25 /6 ) in d ic a te d  
th re e  p r in c ip a l  p ro d u c ts<> Follow ing m athy la tion  by diazom ethane, 
th e  p ro d u c ts  could  n o t be d e tec te d  by GLC„
A c e tv la tion  o f D iol' (37b)
D io l (100 mg) was d is s o lv e d .in  p y rid in e  (0*5 ml) and a c e t ic  
anhydride (0, 5 ml) added* The so lu tio n  was warmed a t  60° fo r  
fo u r  hours and p a r t i t io n e d  between 2N h y d roch lo ric  a c id  (50 ml) 
and e th e r  (100 ml)* The e th e r  e x t r a c t  was washed w ith  aqueous 
sodium b ica rb o n a te  w a ter, and then  d rie d  over anhydrous sodium 
su lp h a te . E vaporation  in  vacuo a ffo rd ed  a c o lo u rle ss  o i l  (105 mg). 
P re p a ra tiv e  TL-0 y ie ld e d  the  b is - a c e ta te  (38) as an o i l  (85 mg). 
A n a ly sis ; C, 71,26 ; H, 8.78 : re q u ire d  fo r  : 71.22 •
H, 8 .8 1 ^ 0
R eaction  of B is-A ceta te  (38) w ith  Osmium T e tro x ide
B is -a c e ta te  (80 mg) was d isso lv ed  in  e th e r  (50 ml) and excess 
osmium te tro x id e  in  e th e r  (approx, 100 mg in  10 ml) added.
5 drops of p y rid in e  were added as c a ta ly s t ,  and the  s o lu t io n , 
which darkened im m ediately , was kep t s tand ing  overnight*
S a tu ra te d  aqueous sodium -m etab isu lph ite ' (20 ml) was added, and the  
heterogeneous m ixture s t i r r e d  v ig o ro u sly  fo r  30 m inu tes, t i l l  the  
aqueous la y e r  became re d . The aqueous so lu tio n  was e x tra c te d  4- 
tim es w ith  e th y l a c e ta te ,  which, a f t e r  dry ing  over anhydrous
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sodium su lp h a te  and ev ap o ra tio n  in  ]uacuo y ie ld e d  85 mg of 
a w hite  s o l id ,  TLC in d ic a te d  th e  presence of one p r in c ip a l  p ro d u c t, 
to g e th e r  w ith  a minor by-p roduct (presumably the  ep im eric  
h y d ro x y la tio n  p ro d u c t) ,
The d io l  m ixture thus ob ta ined  was d is so lv e d  in  m ethanol 
(3 m l). Sodium m etaperiodate  (150 mg) in  w ater (3 ml) was 
added and th e  s o lu tio n  s t i r r e d  fo r  10 m inutes a t  am bient 
tem p era tu re . The so lu tio n  was d i lu te d  w ith  w ater (50 ml) and 
e x tra c te d  4 tim es w ith  methylene ch lo rid e  (50 m l). The e x t r a c t  
was d r ie d  over anhydrous sodium su lphate  and evaporated  in  vacuo 
y ie ld in g  an o i l  (55 mg)0 P u r i f ic a t io n  by p re p a ra tiv e  TLC (e th e r)  
a ffo rd ed  an o i l  (50 mg). In f ra - re d  ( l iq u id  film ) : 1740-1705 (VS), 
12/+0 (VS), .1070(3), 1030cm-1  (S ). KMK: se e  p . 62.
Mod i f i c a t io n  of Functional  Groups fo r  Mass Spectr oscopy
Ketoaldehyde (36a) (28 mg) was d is so lv e d  in  e th e r  (2 ml) and 
boron t r i f l u o r id e  e th e ra te  (3 drops) added. Ethane d i t h i o l  
(10 drops) was added and the  so lu tio n  k ep t an ambient tem peratu re  
f o r  5 minuteSo TLC (e th e r)  showed complete re a c tio n  of s t a r t in g  
m a te r ia l ,  w ith  one main p ro d u c t, a lthough  s e v e ra l by -p roducts  
were observed; 2N sodium hydroxide (5 ml) was added and th e  so lu tio n  
shaken t i l l  i t  became orange. The e th e r e a l  e x t r a c t  was d r ie d  over 
anhydrous sodium su lp h ate  and evaporated  in  vacuo, a ffo rd in g  an 
o i l  (35 mg). P re p a ra tiv e  TLC (30% e th e r - l ig h t  petro leum ) y ie ld e d  
th e  p r in c ip a l  c o n s ti tu e n t  (41) (12 mg) as a white s o lid
vjl
(%>. (de comp.) ~100--120 ) In fra -red  (GCl^ s o lu t io n ):  1738,
-1  m /1235, 1045cm ~ Mass spectrum (most abundant io n s ) :  e = 308
(19?) (M+) ,  “ 4  = 158 (3 0 ? ), " 4  = 131 (4 5 ?), “ 4  = 105 (75?), 
ra/e  = 91 (35?), B e = 4-1 (1005) 0 QIC was p rec luded  by the  therm al
l a b i l i t y  of the d e r iv a tiv e 0
To the  th io a c e ta l  (41) (6*8 mg) in  ab so lu te  e th an o l (5 ml)
was added approxim ately  50 mg Raney n ic k e l (¥4 grade) in  ethanol#
The so lu tio n  was re flu x e d  f o r  one hour, f i l t e r e d  through C e l i te  and
evaporated  in  vacuo* y ie ld in g  (4-2) as an o i l  (5 mg) : I n f r a - r e d
( l iq u id  f i lm ) ,  1710crn~'J‘(S ) : M olecular io n  (GC-MS), m4  = 218 ;
1 ^ 4  15>60)e (13/o im p u r i ty ,  m o le c u la r  io n  m/e 220 l j ? ^ _ nl 620#oh-30 on—jU
\
Ketone (42) was d isso lved  in  e th y l aceta te  (5 ml) and 
hydrogenated over a period of 5 minutes using 10$ palladium -charcoal 
(5 mg) as ca ta ly st#  The product (43) (3 mg) was homogeneous on
GLC (I g g ^ 01575)s Molecular ion (GC-MS), m4  = 218: in fra -red
(liq u id  f i lm ) , 1710cm"'"'(S)0
A s im ila r  sequence of sm a ll-sca le  re a c tio n s  on hydroxyaldehyde 
(45 ), ob ta ined  by p a r t i a l  S a re t t  o x id a tio n  of d io l  (37b), a ffo rd ed  
th e  d e r iv a t iv e s  (46-48b)«, Product p u r i ty  was ev a lu a ted  by TLC 
and GC-KS0 The fo llo w in g  p h y s ica l d a ta  were o b ta ined :
(45) : in f r a - r e d  ( l iq u id  f i lm ) ; 3500(S), 1680(S), 1660cm ^(S)
GC-MS: m olecular ion  a t  m4  = 384; 1790:
o £ j — p j
(46) : in f r a - r e d  ( l iq u id  f ilm ); 3500(S), 1050cm ~(Ms);
GC-MS; exam ination p recluded by therm al l a b i l i t y  of 
d e r iv a tiv e  on GLC, Mass s p e c tra l  m olecular io n  (probe)
at n / e = 310 (33; s ig n if ic a n t  ion  a t n 4  = 99 (25$) ) ,*
72
(47a) : in fr a -r e d  ( liq u id  f i l i a ) ; 3500cm~^ (3 );
GC-MS• m olecular ion  a t  m^e = 220; I f ^ or.1535;
Qjlr- .Jvj
(47b) ; in f r a - r e d  ( l iq u id  f i lm ) ; 1250(M), 850 (M), 760cm~1 (w);
GC-MS; m olecular io n  a t m/ e^ = 308; I l ? ' ;>o_l680:
o t^ jO
I ■
(48a) : in f r a - r e d  ( l iq u id  f ilm ). 3500cm~ (3);
m/ i o k  4
GC-MS; m olecular io n  a t  f e = 222; 1^*7^1580;
(4.8b) i in f r a - r e d  ( l iq u id  f i lm ) ; 1250(M), 850(M), 760cm"*'*’(W);
Xii/
GC-MS;' m olecular ion  a t  e = 310 (NB ‘ s ig n i f ic a n t  ion  
a t m //e = 187 (15%) )•
The b i s -  th io e th y le n e  k e ta l  of (36a) was a lso  p repared  on a 
sm all s c a le  by prolonged h ea tin g  a t  70° of (36a) in  ethane d i th io l  
and boron t r i f l u o r id e  e th e r a te 0 TLC in d ic a te d  the fo rm ation  of a 
homogeneous d e r iv a t iv e .  The d e r iv a tiv e  was th e rm ally  l a b i le  and 
could  n o t be examined by GLC0 Mass s p e c tra l  d a ta  (jjrobe):
M olecular io n  a t m = 4-18 (100/5). Abundant io n s  a t m = 105 
(65%), 124. (30%), 145 (65%), 325 (35%).
W olff-K ishner R eduction of Ketoaldehyde (36a)
Ketoaldehyde (36a) (42 mg) was d isso lv ed  in  dry  d ie th y le n e  
g ly c o l (2 ml) and sodium hydroxide (0 .3  g) added! 100$ hydrazine 
hyd ra te  (0.4-7 ml) was added and the so lu tio n  s t i r r e d  under n itro g e n  
as the tem peratu re  was ra is e d  to  120°, The w ater was d i s t i l l e d  o f f ,  
and the red/brow n so lu tio n  l e f t  ov ern ig h t a t  160-170°. The p roducts 
were o a r t i t io n e d  between e th e r  and w a te r0 The e th e r  e x t r a c t  (.> mg)
was examined by GLC on th re e  pha 
a® Cyano-P (20$) a t  75°.
P roduct
1
2
3
4
5
Cf. copaene; [? 5cyano
% (GLC)
5
20
15
30
30
1545
175
cyano-P
1510
1545
1625 (ketone ? ) 
1650 ( H ) 
1670 ( » )
b . APL (10$) a t  150
Product % (GLC)
1
2
3
4
Cf. copaene;
20
15
35
30
XA?L *U!'10
t 150
APL
1395
1410
1440
1460
c . SE-30 (1%) a t  80°.
P roduct % (GLC) ^E-SO
1 20 1375
2 35 1390
3 45 1400
c f . copaene j Ig g o g  1375
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APPENDIX .
S p ec tro sco p ic  Exam ination of the  Drimenol E poxides'
The s t ru c tu re  e lu c id a t io n  of d rim enol and the  chem ical 
r e a c t i v i t y  o f th e  m olecule due to  th e  h o m o -a lly lic  p rim ary /a lc o h o l 
fu n c tio n  were the  s u b je c t of papers by Brooks and O v e r to n ^ ’^  
in  1957 and 1959° In  th e  absence o f more modern tech n iq u es  of 
se p a ra tio n  and s p e c t r a l  c h a r a c te r is a t io n  only  the p r in c ip a l  
c o n s t i tu e n ts  of some of th e  re a c t io n s  of th e  m olecule were a c c e s s ib le .  
E p o x id atio n , fo r  example, a ffo rd ed  a m ixture of p ro d u c ts? from which 
th e  p r in c ip a l  c o n s t i tu e n t ,  drim enol o<-epoxide, was sep a ra te d  by 
f r a c t i o n a l  c r y s t a l l i z a t i o n .  The c o n fig u ra tio n  was ass ig n ed  p r im a ri ly  
on th e  b a s is  of c e r ta in  chem ical re a c t io n s  which could be accommodated 
only  by assuming o( - s te re o c h e m is try .
I t  was thought to  be of i n t e r e s t  to  compare th e  chem ical 
r e a c t i v i t i e s  of bo th  oxides as a fu n c tio n  of r e l a t iv e  s tereochem istry*  
A ccordingly , th e  crude re a c t io n  m ixture from epoxid.ation was 
r e - in v e s t ig a te d .0 C are fu l chromatography a ffo rd ed  as th e  p r in c ip a l  
c o n s t i tu e n ts  two isom eric  epoxideSo One of th ese  was the  -o x id e  
p re v io u s ly  d e sc rib e d : the  o th e r d isp layed , c lo s e ly  s im ila r  in f r a - r e d
ab so rp tio n  and mass sp ec tro m e tric  behaviour c o n s is te n t w ith  the- 
iso m eric  f -o x id e . NMR s p e c tr a l  exam ination was undertaken  in  o rder 
th a t  th e  r e l a t iv e  epoxide c o n fig u ra tio n s  could be more c o n fid e n tly  
assigned,. Although th e  p -ox ide  s tru c tu re  has n o t been r ig o ro u s ly
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proved, the  sp ec tro sc o p ic  ev idence, in  co n ju n ctio n  w ith  the  mode 
of p re p a ra t io n  s t r o n g l y  supports  t h i s  fo rm u la tio n  and i s  d i f f i c u l t  
to  re c o n c ile  w ith  o th e r  form al re p re se n ta tio n s#
The s im i la r i ty  of the carbon te t r a c h lo r id e  so lu tio n  
in f r a - r e d  s p e c tra  confirm ed the  a f f i n i t y  o f the two compounds# 
D ilu tio n  .s tu d ie s  showed th a t  in  n e i th e r  isomer was th e re  a n v  
evidence of hydroxyl to  epoxide in tra m o le c u la r  hydrogen bonding#
The in fe re n c e  was th a t  r o ta t io n a l  freedom about the  C(9  ) and C ( n )  
bond was h indered  in  such a manner t h a t  the hydroxyl group was 
p rec lu d ed  from ap p ro ach in g .th e  epoxide function#  I t  had been 
ex p ec ted , from an exam ination  of F ie s e r  and D r^id ing  m odels, t h a t  
th e  (3 -o x id e  would show in tra m o le c u la r  bonding. The ap p aren t 
absence of such bonding su g gests  .th a t the necessa ry  conform ation 
of th e  hydroxymethyl group i s  s t e r i c a l l y  d is fav o u red  as f u r th e r  
m entioned below*
F i g *  'j>k
CHqOH
I r r .  H
NMR sp e c tru m  (lOOM c/s# ) o f  d r im e n o l i n  CDC1
AB AB
BX
EX
NMR sp ec tru m  (lO O M c/s.) o f  d r im e n y l a c e t a t e  in  CDCl^
F i g *  3 6
CHoOH
NMR sp ec tru m  (lOOM c/s. ) o f  d r im e n o l o<*-epoxide i n  CDC1
F ig . 37
ABAB
BXBX
NMR sp ec tru m  (lO O M c/s.) o f  d r im e n y l a c e ta te c K -e p o x id e  in  CDCl
F i g a  38
c h 2o h
I r r .H  J V.
Ir r .H
0 1092 84 5 63 7
NMR sp ectru m  (lO O M c/s*) o f  d r im en o l p -e p o x id e  in  CDCl^
AB AB
BXBX
m
N1-1B sp ectru m  (lOOMc/s# ) o f  d rim e n y l a c e t a t e  £-e'oo:cide i n  CuCl-,i y
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TT-m L • Jl • -1 • - 4-5 *4-6 V . . . ,KmR stuo.xes on s te r o id a l  epoxxaes ' have m a ic a z e a
th a t  the a n g les subtended by the ep o x id ie  C-H bond w ith  the
v ic in a l  p ro to n s  p e rm it a. d i f f e r e n t i a t io n  between th e  oC- and
(3 -iso m ers  through a study of J  — v a lu e s 0 Exam ination of models
showed th a t  in  th e  c< -o x id e , (which should be the  low est
f i e l d  s ig n a l  of an AKNX m u lt ip le t)  subtended ang les o f between
4.0-60° and 50-70° w ith  each of the  v ic in a l  p ro to n s ,w  -
Using the  m o d if ie d ^  K arplus r e la t io n s h ip  fo r  epox id ic  p ro to n s , 
coup ling  c o n s ta n ts  o f *^(7 ) ~ ^H(6) ~  ^ ° ° S yere Pre(^ ic^e^* The 
expected  p a t te r n  fo r  ( X 7 .0 ) ,  a d if fu s e  t r i p l e t  o f band
w idth  5-6 cps was in  f a c t  observed (F ig . 36).
S im ila r ly , in  the  /3 -o x id e , fo r  d ih e d ra l an g les  /
= 0-20° and Z h ^ - H ^ ^ )  = 100-120° coupling  co n s ta n ts
JH(7)H(6a) ~ 7 °PS and JH (7 )F (6 b )/v°  170 r  6 Pre d ic te d ° The s ig n a l 
f o r  ^ (y ) was dn fp-ct observed a t  X  7 .0  as a d o u b le t, J  = 7 cps
(F ig , 3 8 )o S tru c tu re  (56) was th e re fo re  in d ic a te d  f o r  drim enol
/3 -o x id e .
Support fo r  th e se  assignm ents was p rovided  by comparing 
th e  chem ical s h i f t  of Me (12) in  each epoxide. The c o n tr ib u tio n  
to  th e  sh ie ld in g  o f t h i s  group due to  th e  p rox im ity  o f th e  
hydroxyl should be g re a te r  in  the fs -o x id e . In  accord  w ith  t h i s ,  
chem ical s h i f t s  o f X 8 .56  and ^ 8.64- were observed fo r  th e  c< -ox ide  
and (3 -o x id e  r e s p e c t iv e ly .
F ig .  hO
HqOR
i
5 2 , R=H
5 3 , R=Ac
c h 2o r
3k,  R=H 
55, R=Ac
HnOR
5 6 , R=H
5 7 , R=Ac
7 8
Table 10 summarizes th e  chem ical s h i f t  d a ta  fo r  th e  s e r ie s  
o f r e la te d  compounds, drim enol (52 ), drim enyl a c e ta te  (53), 
d rim enol ^ -e p o x id e  (54 ) j drim enyl a c e ta te  -epox ide  (55), 
d rim eno l/3 -epox ide  (56) and drim enyl a c e ta te  (3 -epox ide  (57),
The co n sid e rab le  d if fe re n c e s  in  the  AB p a r t  o f th e  ABX m u lt ip le ts  
(Figso 34-39) due to  coup ling  o f and w ith
(h en ce fo rth  r e f e r r e d  to  as KA, HB And HX) in d ic a te d  tim e-averaged  
p re fe r re d  confo rm ations. Coupling co n sta n ts  were r e a d i ly  
e s ta b lis h e d  by double i r r a d i a t i o n  end are l i s t e d  in  Table I I ,
TABLE IIo
Chemica l  £_Qup2;L'og . D ih ed ra l Angle
Sh i f t  [ or) C onstan ts ( c a lc u la te d ) 
(7 o sT
M HB HX J ub JAX J 'BX JkX Z bx
drim enol 6 02 6 .3 8.2 -12 4 4 50 or 120° 50 or 120°
drim enyl a c e ta te 5oB 5.9 8 .0 -12 3o6 6 53 or 117° 38 or 128°
c< -epox ide 6 .1 6 .3 8.5 -11 3 10 55 or 113° 0 or 140°
ot -epox ide  a c e ta te 5.6 6 .0 8 .0 -12 3 10 55 or 115° 0 or £ O
o
|S -epoxide 601 6 .1 8 .6 0 0 4 90c) 50 or 120°
^ -e p o x id e  a c e ta te 5.6 5.8 8 .0 -12 4 7 50 o r 120° 30 or 130°
In  each c ase , a p a r t  from (56) (which e x h ib i ts  c o in c id e n ta l  
m agnetic isochrony) Jgem was approxim ately  -  12 cp s0 (n eg a tiv e  by 
co n v en tio n ).. The chem ical s h i f t s  of HA ana KB d i f f e r  in  each case 
(a p a r t  from (56) ) due to  the  p ro c h ira l  n a tu re  of th e  p ro to n s .
yy
More im p o rtan t, huxwever, from the  p o in t  of view of the p re fe r re d  
conform ation  of th e  hydroxyl .group, was the  f a c t  t h a t  Igr- Z Jpy 
ex cep t in  (52 ),
From th e  d a ta  fo r  drim enol (52), a p p lic a t io n  of th e  K arpins
e q u a tio n  le ad s  to  two p o ss ib le  d ih e d ra l  a n g le s , 50° and 120°
f o r  the  tim e-averaged  /  AX0 I f  the form er value h o ld s , th en  a
/
Newman p ro je c t io n  shows th a t  /BX = 170°; b u t /BX = 50° o r 120° 
(o b se rv ed ), th e re fo re  /AX = 120° and /BX = 120° are  the  only  
p o s s ib le  values* Thus, th e  hydroxyl group, p o in ts  away from th e  
double bond and the  bond e c l ip s e s  th e  bond,
A s im ila r  r e s u l t  i s  ob ta ined  from a c o n s id e ra tio n  o f drim enyl a c e ta te .
In  drim enol -o x id e  JB X - 10 cps, th e re fo re  /BX could  be 0° 
o r 1A0°, The form er value  i s  p rec luded  because o f severe  s t e r i c  
in te r - a c t io n  between the  hydroxyl and Me (1 2 ), th e re fo re  ZBX = 14-0°, 
and the tim e-averaged  conform ation i s  one in  which the  hydroxy?, 
group p o in ts  away from the  epoxide, and the  0 bond e c l ip s e s  
th e  bond, Drimenyl a c e ta te  c< -epoxide has a s im ila r
conform ation .
Four p o ss ib le  tim e-averaged  conform ations are p o s s ib le  in  
drim enol -ep o x id e , which are  com patible w ith  /AX = 90°, Two invo lve  
th e  hydroxyl group p o in tin g  towards th e  epoxide group and two r e s u l t  
in  the  hydroxyl group p o in tin g  away. Of the l a t t e r  two, one i s  
p rec lu d ed  by severe  hydroxyl~Me(15) in te r - a c t io n s .  The o th e r should 
r e s u l t  in  in tra -m o le c u la r  hydrogen bonding (0 -0  d is ta n c e  2,3-2 ) .
No such bonding was observed in  the in f r a - r e d
3 0
and th e  hydroxyl group must th e re fo re  p o in t  away from th e  epox ide0 
The (5 -o x id e  a c e ta te  m ust, f o r  s t e r i c  re a so n s , p o in t  away from 
th e  epox ide, so t h a t  d ih e d ra l  an g les  subtended by HA HX and H3 HX 
are  120°, and e c l ip s e s  C ^ - H ^ ,
CJL
EXPERIMENTAL
Chrom atographic S ep a ra tio n  o f Drimenol Baoxides
! The crude ep o x id a tio n  p roduct (4 .67 g) from drim enol and
‘ | - p e rp h th a lic  a c id , from which s e v e ra l crops of drim enol -epoxide
! has been ob ta ined  in  1959* was adsorbed on n e u tra l  alum ina
(225 g Uoelm, grade I I I ) 0 A g ra d ie n t e lu t io n  u s in g  2*5.1. p e t r o l
(bp. 60-80°) and 2 .5  1 d ie th y l  e th e r  was perform ed, c o l le c t in g
50 ml a l iq u o ts  0 Drimenol (3 -epoxide (1.45  g) was ob ta ined  from
f r a c t io n s  40-69. R e c ry s ta l l iz a t io n  from l ig h t  p e tro le u m -d ie th y l
e th e r  a ffo rd ed  a w hite  c r y s ta l l in e  s o l id  mp0 78-79#5°. Found,
' C, 75 .73; H, 10.91 s re q u ire d  fo r  C-^H^O,,, 0 , 75.58; H, 10.99$.
•"•II n f r a - r e d  (carbon te t r a c h lo r id e  s o lu t io n , 5 mg/ml): v rnax (cm~ ) ,
3620 ( f re e  OH), 3497 ( in term olecularly-bonded.O H , d isap p eared  on 
1:10 d i lu t io n ) ,  1385(M), 1376(H), 1362(H), 1230 d if fu s e  (M),
1120( s ) , 1077(MS), 1053(M3), 1037(MS), 1002(H), 986(H), 966(H),
951(H), 919(M)o No a b so rp tio n  was noted  in  the  carbonyl region#
Rf ( e th e r ) ,  0.75o U nstable under GLC c o n d itio n s .
F u r th e r  e lu t io n  a ffo rd e d , from f r a c t io n s  83-95, crude 
drim enol <X -epoxide (2 .00  g ) . R e c ry s ta l l iz a t io n  from l i g h t  
p e tro le u m -d ie th y l e th e r  a ffo rd ed  a w hite c r y s ta l l in e  s o l id ,  mp. 96-97° 
Found, 0, 75.78; H, 11.15s re q u ire d  f o r  C15H2602 , C, 75.58;
H, 10.99$. The in f r a - r e d  spectrum  was s im ila r  to  t h a t  of the  
£  -o x id e : vmax (cm""” ) (carbon te t r a c h lo r id e  s o lu tio n , 5 mg/ml), 
3620(3), 3497 (d isappeared  on d i lu t io n ) ,  1384(H), 1376(H), 1362(H),
82
1235 d if fu s e  (K), 1178 (M), 1147(M), l l l l ( M ) ,  1072(H), 1060(M), 
1031(H), 981(H), 96A(M), 946(H), 920(H). Rf (e th e r)  0.60*
U nstable under GLC c o n d itio n s ,
A c e ty la tio n  of Drimenol Epoxides
S m all-sca le  a c e ty la t io n  of each oxide (20 mg) was accom plished 
by d is s o lu t io n  in  a c e t ic  anhydride (0 .1  ml) and p y rid in e  (0 .1  m l), 
warming the  s o lu t io n  fo r  5 m inu tes . The d e r iv a tiv e  was 
p a r t i t io n e d  between e th e r  and d i lu te  h y d ro ch lo ric  a c id , sublim ed 
and checked by TLC fo r  complete conversion .
5 3
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P A R T  II
P A R T  I I
u  u
1 I n t rodu c tio n  to  the  Use of D e riv a tiv e s  in
Combined Gas Chromatography -  Mass S pec trom etry .
S tru c tu re  e lu c id a tio n  i s  becoming p ro g re s s iv e ly  more dependent 
on spectro scopy  as more, su b tle  tech n iq u es  a re  developed and 
in c re a s in g ly  complex systems examined. In  p rev io u s  y e a rs  the  
chem ist, having reached  an impasse in  h is  c o n s id e ra tio n  of s p e c tra l  
d a ta ,  would have re s o r te d  to  c l a s s i c a l  p rocedures fo r  chem ical 
m o d if ic a tio n  o f the  s t ru c tu re  in  q u e s tio n . This approach, in  the  
l i g h t  o f re c e n t developm ents in  spec troscopy , i s  no lo n g er 
o b lig a to ry j many s t ru c tu re s  y ie ld  to  modern sp ec tro m e tric  
in v e s t ig a t io n s ,  coupled w ith  chem ical tra n s fo rm a tio n s  designed  to  
enhance th e  d ia g n o s tic  value o f sp ec tro m e tric  d a ta ,
A m ajor developm ent in  mass spec trom etry , fo r  example, has been 
the use o f s p e c i f ic  fu n c tio n a l  group d e r iv a t iv e s .  Groupings such 
as o le f in s ,  ketones and hydroxyls have been transform ed  In  such a 
manner t h a t  p re d ic ta b le  frag m en ta tio n s  should occu r, a ffo rd in g  
s t r u c tu r a l  d a ta  complementary to  th a t  ob ta in ed  from the  p a re n t 
m olecu le. Since the  work to  be d e sc rib ed  in  th i s  s e c tio n  o f the 
th e s i s  in v o lv es  a b r i e f  exam ination o f c e r ta in  d e r iv a t iv e s  in  
r e l a t io n  to  combined gas chromatography -  mass spectrometry(GC-MS) 
i t  i s  proposed to  review  c r i t i c a l l y  some o f th e  d e r iv a t iv e s  which 
may be s u ite d  to  the tech n iq u e . The u t i l i t y  o f the  d e r iv a tiv e s  
in  term s o f the  fo llo w in g  c r i t e r i a  w i l l  be ap p ra ised ;
^  I
(a) th ey  should be amenable to  sim ple sm a ll-sc a le  p re p a ra t io n ,' 
p re fe ra b ly  in  good y ie ld £
(b) they  should have good gas chrom atographic p ro p e r tie s^
(c) d e s ira b le  mass s p e c tra l  c h a r a c te r i s t i c s  a re  th e  fo rm ation  
o f an abundant m olecu lar io n  and in fo rm ativ e  s k e le ta l  
frag m en ta tio n  -  d ir e c t in g  p ro p e rtie s*
Deuterium la b e l l in g ,  which has proved to  be an in d isp e n sa b le  
a id  to  th e  e lu c id a tio n  o f mass s p e c t r a l  frag m en ta tio n  mechanisms 
w i l l  n o t be in c lu d ed  under t h i s  heading of d e r iv a t i s a t io n .
Sources o f in fo rm atio n  are  the  major text-books^", mass 
spec tro scopy  b ib lio g ra p h ie s  and the  r e c e n t  l i t e r a tu r e *
F ig . 1
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Unsa tu ra te d  Hydrocarbons
The mass s p e c t r a l  frag m en ta tio n  o f o le f in s  i s  a complex
p ro c e ss , e s p e c ia l ly  in  c y c lic  system s, Even in  a c y c lic  mono-
o le f in s ,  hydrocarbon rearrangem ents occur in  the  m o lecu lar io n
because o f m ig ra tio n  of th e  r a d ic a l  s i t e  along th e  ch a in . Hence,
the  mass sp e c tra  o f isom eric  a c y c lic  m ono-o lefins a re  g e n e ra lly  
2very  s im ila r  , The p r a c t i c a l  value o f d e r iv a t i s a t i c n  o f the
fu n c tio n a l  group, in  such a manner t h a t  w e ll-d e f in e d  frag m en ta tio n s
may be observed , i s  th e re fo re  e v id e n t.
S ev era l approaches have been s u c c e s s fu lly  exam ined, E pox idation ,
fo llow ed  by tre a tm e n t w ith  dimetbylamine, y ie ld s ,  in  th e  case o f
the  a c y c lic  asym m etrica lly  s u b s t i tu te d  o le f in  a) the  two isom eric
v ic in a l  dim ethylam ino a lco h o ls  (2a, b ) .  T heir p r in c ip a l
frag m en ta tio n  in v o lv es  ru p tu re  of th e  bond connecting  the  h e te ro -
fu n c tio n s , w ith  fo rm ation  of a s ta b i l iz e d  immonium c a tio n  (3 ),
d e f in in g  the lo c a t io n  o f the double bond. This procedure could  be
o f a p p l i c a b i l i ty  in  GC-MS depending on the p o la r i ty  o f th e
d e r iv a t iv e ,  A re s e rv a t io n ,  n o t noted in  the l i t e r a t u r e ,  i s  th a t
in  the  case o f a c h i r a l  o le f in ,  d ia s te r e c is o m e r is m  may c o m p lic a te
the  gas chrom atographic, though n o t, perhaps, the mass sp ec tro m e tric
c h a r a c te r i s t i c s  o f the m ix tu re , E poxidation  can a ls o  be fo llow ed
\
3
by tre a tm e n t w ith  sodium io d id e  , a ffo rd in g  th e  two p o s s ib le  
ke tones (4-a, b) which undergo c h a r a c te r i s t i c  k e to n ic  fragm entation#
A th i r d  approach in v o lv es  osmium te tro x id e  h y d ro x y la tio n  of the
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o le f in  to  the  v ic in a l  d io l  (5) and fo rm ation  of ace ton ide  (6 ) 0
I 5
The c h a r a c te r i s t i c  frag m en ta tio n  of ace to n id es  in v o lv es  r>
c< -c le a v a g e , r e s u l t in g  in  an abundant H-15 peak (path  A) o r ,
more s ig n i f ic a n t ly ,  (bu t much le s s  ab u n d an tly ), lo s s  o f the
a lk y l m oiety (pa ths B and C). S evera l o th e r  com plicating  p ro cesses
occur, l im i t in g  th e  a p p l ic a b i l i ty  *of th i s  procedure to  sim ple
compounds such as u n sa tu ra te d  f a t t y  a c id  e s te rs^ o  In v e s tig a t io n
of th e  c y c lic  boronate  e s te r s  o f v ic in a l  a io ls  d e riv ed  from
o le f in s ,  has rev ea led  th e i r  ease of fo rm ation  and u s e fu l p ro p e r t ie s
f o r  GC-MSo Phenylboronate e s te r s  have been observed to  give r i s e  to
abundant fragm ents in c o rp o ra tin g  the  boronate r in g  and c h a r a c te r i s t i c
of i t s  environmento The corresponding  d e r iv a t iv e  of cyclohexene,
/
fo r  example, a f fo rd s  a base-peak  a t  e 160, corresponding  to  a
sp ec ie s  (C^H^BG^C^H^) which may have s tru c tu re  (9) • S tu d ies  on
s u b s t i tu te d  and d e u te ra te d  sp ec ie s  a re  n ecessa ry , however, to
e lu c id a te  the frag m en ta tio n  process® The use of carb o n ates  or
th io c a rb o n a te s  as d e r iv a t iv e s  fo r  GC-MS would appear to  be p rec lu d ed
8by th e  com plexity  of t h e i r  frag m en ta tio n  *
9
T rip le  bonds in  a sim ple m olecule may be lo c a te d  through 
h y d ra tio n  of the ace ty len e  in  the  presence of e th y len e  g ly c o l, fo llow ed 
by GC-MS exam ination  of the r e s u l ta n t  isom ers (10a, b ) .  O therw ise, 
th e re  i s  a p a u c ity  o f p rocedures fo r  th e  mass s p e c tr a l  d e r iv a t iz a t io n  
o f a c e ty le n e s . Procedures such as -d iketone fo rm ation  u sin g
permanganate presum ably y ie ld in g  only one p ro d u c t ( l l )  ( c f . (10a) 
and (10b) ) appear n o t to  have been examined. I f  c h a r a c te r i s t ic
yu
frag m en ta tio n  d a ta  were n o t o b ta in ed  from th e  acyliura io n s  
(12a, b ) 3 then  d e r iv a t iz a t io n .  w ith  ortho-phenylenediam ine should 
a ffo rd  the  q u in o x a lin e  (13) which should have a c h a r a c te r i s t i c  
frag m en ta tio n  and should be amenable to  gas chrom atographic 
exam ination .
In  co n c lu s io n , most o f the  d e r iv a t iz a t io n  procedures d iscu ssed  
f o r  u n sa tu ra te d  hydrocarbons can be a p p lie d  su c c e s s fu lly  to  
a c y c lic  s tru c tu res®  There i s  no obvious d e r iv a t iv e  which could  be 
u t i l i z e d  in  a complex u n sa tu ra te d  c y c lic  sy stem ^affo rd ing  
d e f in i t iv e  frag m e n ta tio n s . D esigning such a d e r iv a t iv e  fo r  GC-MS 
would presum ably n e c e s s i ta te  th e  in c o rp o ra tio n  of th e  o le f in ic  
m oiety in to  an arom atic  h e te ro c y c lic  system of low p o la r i ty  and 
h igh  mass sp ec tro sco p ic  s ta b ility ®
' 9
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Carbonyl Groups
F ragm entation  p ro cesses  in v o lv in g  the  carbonyl group can be 
understood  most r e a d i ly  in  term s of the  decom position of r a d ic a l  
io n  (lA ), g e n e ra lly  by an c<-cleavage p ro c e ss , th e  charge tend ing  
to  rem ain w ith  th e  s ta b i l iz e d  oxonium io n  (1 5 ). W ithout a 
do u b le -fo cu sin g  in s tru m en t th e  assignm ent of e lem en ta l c o n s t i tu t io n  
to  the io n s  in  the spectrum  can o f te n  be ambiguous, and the  
e lu c id a tio n  of th e  frag m en ta tio n  may be rendered  more d if f ic u l t®  
Ind e te rm in a te  d a ta  concerning the environm ent o f the  carbony l in  
an unknown s tru c tu re  may th e re fo re  be o b ta in ed . I t  i s  obvious why 
d e r iv a t iz a t io n  of the  carbonyl group has concerned many mass 
s p e c tro s c o p is ts  in  re c e n t y e a r s .
Carbonyl d e r iv a t iv e s  of p o te n t ia l  use in  GC-MS can be d iv id ed  
in to  fo u r c la s s e s  (F ig . 3 ) :
2
(a) Those in  which the  carbonyl sp carbon i s  re p la ce d  by an
3sp h y b rid ized  carbon of the  type ( l zra) e .g .  an a c e ta .1 o r 
th io a c e ta l  which are sym m etrical d e r iv a t iv e s ,  o r a 
th io x o lan e  d e r iv a tiv e  which i s  asymmetric and i s  p o te n t ia l ly  
d ia s te re o iso m e ric o
(b) Those in  which the  ca rb o cy c lic  r in g  has one sp c e n tre , i . e .
\
f 1  1carbonyl analogues o f the  type ( lA b ) in  v/hich R = N-MR  ^ o r NR . 
D e riv a tiv e s  of t h i s  type a re  a lso  p o te n t ia l ly  capable o f 
g eo m etrica l isom erism .
Fig* h
/  \
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(c) Those sym m etrical d e r iv a tiv e s  ( i t c ) in  which th e -c a rb o c y c lic
2r in g  has one sp c en tre  i ce B i s o - e le c t r o n ic  analogues
IBof the  carbonyl group such as C —0 ’ and C =  S
2(a) Those system s in  which two v ic in a l  sp c e n tre s  are
in tro d u ced  e .g ,  eno l a c e ta te s  and en o l m ethyl e th e r s  of 
type (lA d ). Double bond isom erism  i s  again  p o s s ib le 0
C lass (a)
Among the  most w id e ly -ap p lied  d e r iv a t iv e s  a re  th e  e th y len e  
k e ta l s  and th io k e ta ls  (F ig , I(.) which la rg e ly  s a t i s f y  the c r i t e r i a  
f o r  g en e ra l u t i l i t y ;  th u s , th ey  fragm ent in  a co h eren t manner and 
are  p o te n t ia l ly  amenable to  gas chrom atography. The frag m en ta tio n  
p ro cesses  a re  governed- by th e  p r e f e r e n t ia l  hom olysis of th e  bond 
a tta c h e d  to  the  2- p o s i t io n  of the  d io x o la n e /d ith io x o la n e  r in g  (16) 
producing a re s o n a n c e -s ta b il iz e d  oxonium/sulphonium io n  (17),
The sp ec ie s  then  undergoes 1 , 5-hydrogen t r a n s f e r  ( s u b s ta n tia te d  
in  many in s ta n c e s  by deuterium  la b e l l in g )  from th e  a l l y l i c  to  th e  
prim ary  s i t e ,  fo llow ed by s c is s io n  o f th e  C-G bond y ie ld in g  th e  
re s o n a n c e -s ta b il iz e d  fragm ent (18 )0 An i l l u s t r a t i o n  o f th e  
u t i l i t y  o f th ese  d e r iv a t iv e s  i s  provided by the  frag m en ta tio n  o f 
5cx -an d ro s tan -3 -o n e  e th y len e  k e ta l  “^* 1 ^  (1 9 )0 The two pathways 
A and B corresponding  to  the  a l te r n a t iv e  i n i t i a l  c< - f i s s io n s  a re  
bo th  e v id e n t, le ad in g  by a synchronous p ro cess  to  the  predom inant 
s p e c t r a l  fragm ents (20) and (21) ,  The frag m en ta tio n s  have been
F ig .  5
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co rro b o ra ted  by thorough d e u ts r a t io n  s tu d ie s "^5 The
frag m en ta tio n  p a t te rn s  of th e  k e ta l s  and th io k e ta is  a re  p r a c t ic a l ly
i d e n t i c a l ,  b u t the in te n s i ty  of the  d ia g n o s t ic a l ly  s ig n i f ic a n t
fragm ent io n s  of th e  th io k e ta is  i s  much low er th an  in  the
co rrespond ing  k e ta l  d e r iv a t iv e s ,  th u s  making the  su lphu r d e r iv a tiv e s
le s s  d e s ir a b le  fo r  s t r u c tu r a l  d e te rm in a tio n s . This i s ,  to  a sm all
e x te n t ,  o f f s e t  by the  enhanced m olecular io n  o f th io k e ta is *  A
re s e rv a t io n  must be made, however, about the  a p p l i c a b i l i ty  of th ese
d e r iv a t iv e s  in  GC-MS, since th ey  may be th e rm a lly  l a b i l e ,
G x azo lid in es , formed by re a c t io n  of the  carbony l group w ith  v ic in a l
12hydroxyarnines, e x h ib i t  adverse gas chrom atographic p ro p e r t ie s  . 
C lass  (b ) .
This c la s s  of 1 asym m etric’ d e r iv a tiv e s  o f c a rb o n y ls  h as  
been th e  s u b je c t of d e ta i le d  mass sp ec tro m e tric  s tu d y , e .g .  oximes, 
O-methyloximes, O -tr im e th y ls ily lo x im e s , hydrazones, a lk y lh y d r azone s , 
a ry lhyd razones and sem icarbazones. Of th e se  d e r iv a t iv e s ,  however, 
on ly  the  s u b s t i tu te d  oxirne type and dim ethylhydrazones a re  of 
re lev an ce  in  t h i s  review  of d e r iv a tiv e s  f o r  GC-MS, th e  o th e rs  being 
o f l im ite d  gas chrom atographic a p p l ic a b i l i ty .  The base peak of 
c h o le s ta n -3~one a t  m/e  231 ( lo s s  o f s id e  ch a in  and C ^ ^ ,
and C ^ j ) i s  s h if te d  to  260 (231 + ICH^) in  th e  0-m ethyl 
oxime (22) as expected . S im ila r ly , peaks in  a n d ro s tan -1 7 -one a t  
^ e  230, 21S and 217 due to  cleavage o f r in g  D are  s t i l l  found in
th e  O-methyl oxime (23) in  lower abundance. Abundant lo s s  of
CHpO probab ly  occurs in  the manner d ep ic ted  in  F ig . 5. A second
abundant p ro cess  in  the  d e r iv a tiv e  of androstan -17-one (23)
13in v o lv in g  lo s s  o f NOCH^  perhaps '  occurs as shown in  F ig . 5 . I t  
i s  e v id en t th a t  s e v e ra l f ra g m e n ta tio n -d ire c tin g  pathways are  
p o s s ib le  in  0-m ethyl oxime s , b u t v a lu ab le  complementary d a ta  can 
be o b ta in ed  by th e  * sh if t*  tech n iq u e , fo r  example, by comparing 
th e  O-methyl oxirne w ith  the O - tr im e th y ls i ly l  oxime. The extreme 
ease (and p o te n t ia l  r e v e r s i b i l i t y )  of p re p a ra t io n  of 0-methyloxirn.es 
and O - tr im e th y ls i ly l  oxime s, and the  ready re c o g n itio n  of 
!!-co n ta in in g  fragm ents,m akes them u s e fu l  d e r iv a t iv e s  d e sp ite  
co m plica tions due to  syn and a n t i  isom ers.
Of the  v a rio u s  s u b s t i tu te d  hydrazones, only  the d im ethyl
1 /
d e r iv a t iv e s  have been shown to  e x h ib i t  good gas chrom atographic
15and mass sp ec tro m e tric  c h a r a c te r i s t i c s .  The f ra g m e n ta tio n -d ire c tin g  
a b i l i t y  of the  group i s  i l l u s t r a t e d  in  F ig . 6.
The azomethine ketone d e r iv a t iv e ,  which fo rm ally  f a l l s  w ith in  
c a teg o ry  (b) i s  the  s im p le st n itro g en  analogue. Were i t  n o t f o r  th e  
i n s t a b i l i t y  of th e  azom ethines, re q u ir in g  prompt measurement o f the  
mass spectrum  on f re sh ly -p re p a re d  m a te r ia l ,  i t  would re p re s e n t  one
*The d i f f i c u l t y  i s  to  go from ^C= 0 to  the  excess
being  s tro n g ly  b a s ic  u su a lly  d e s tro y s  the  k e to n e ,
The use of the  re v e rse  p rocess excess. i s  w e ll
16 E V  w b 2known . 2
y j
of th e  b e s t  n itro g e n -c o n ta in in g  d e r iv a t iv e s  f o r  mass spectroscopy  
s in ce  the  fu n c tio n a l  group d i r e c t s  the  frag m en ta tio n  in  a h ig h ly  
s p e c i f ic  m a n n e r^ .
C lass  (c)
13The use o f i s o to p ic a l ly - la b e l le d  carbonyl groups ( C~0 ) in
the  e lu c id a t io n  o f c a rb o n y l-d ire c te d  frag m en ta tio n s  has been 
17re p o r te d  * However, th e  use o f i s o - e le c t r o n ic  carbony l analogues 
such as th io n e s  has n o t been re p o r te d . This d e r iv a t iv e ,  which i s  
r e a d i ly  p rep ared  in  many in s ta n c e s , i s  th e  s u b je c t o f an in v e s t ig a t io n  
in  s e c t io n  o f t h i s  t h e s i s .
C lass  (d)
Enol a c e ta te s  and eno l m ethyl e th e r s ,  which a re  o f te n  capable 
of e x is t in g  in  isom eric  form s, are  the  best-known examples o f
1 g
c la s s  (d ) .  A udier e t  a l ~ have examined the  mass s p e c tr a l  p ro p e r t ie s
of th e se  d e r iv a t iv e s  (2^, R=Me, A c ) . ' In  cases where R e tro -D ie ls
A lder p ro c e sse s  were p o s s ib le ,  the  a p p ro p ria te  fragm ents
(25, R= Me, Ac) were observed as abundant sp e c ie s . In fo rm atio n  about
r in g  A s u b s t i tu t io n  In  3 -o x o -s te ro id s  can th e reb y  be deduced, and the
f u r th e r  frag m en ta tio n  of sp ec ie s  such as (25) co n sid e red . The
au th o rs  d id  n o t, however, e x p la in  the  frag m en ta tio n  o f (26) in  which
the  R e tro -D ie ls  A lder p ro cess  i s  p rec luded  by v ir tu e  of s u b s t i tu t io n .
19The work of Waight e t  a l  on te t r a lo n e - ty p e  eno l a ce ta te s  has
in d ic a te d  th a t  th ey  may, in  the absence of o th e r p ro c e sse s , e lim in a te  
ke tsne  by a M cL afferty -type p ro cess  g iv ing  r i s e  to  an en erg ised
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sp ec ie s  which i s  fo rm ally  s im ila r  to  the  p a re n t ke tone , b u t which 
has a d i f f e r e n t  mode of frag m en ta tio n . This type of d e r iv a t iv e  
has obvious p o te n t ia l  in  GG-MS. C onsequently , an exam ination  of 
en o l t r im e th y l s i ly l  e th e r s  was undertaken  in  o rder to  ev a lu a te  
t h e i r  g en e ra l u t i l i t y  (see p j .0 3 ) .
Hydroxyl Groups
The frag m en ta tio n  o f a lco h o ls  i s  b e se t by a com plexity  of
pathways,, D ehydration f re q u e n tly  o ccu rs , e i th e r  by therm al 1 , 2 -
e lim in a tio n  when a heated  i n l e t  system i s  used , or from the  m olecular
io n  th rough 1 ,3  or 1,4- e lim in a tio n  as d e p ic ted  in  F ig . 7 . o C - j is s io n
lead in g  to  th e  s ta b i l iz e d  oxonium io n  which th en  may have se v e ra l
a l te r n a t iv e  frag m en ta tio n  ro u te s ,  i s  a lso  a g en e ra l process,, Higher
a l ip h a t ic  a lco h o ls  give r i s e  to  oxygen-contain ing  as 'w ell as
hydrocarbon io n s  w ith  the  l a t t e r  g e n e ra lly  predom inating and obscuring
c h a r a c te r i s t i c  h y d ro x y l-d ire c te d  fragm enta tions,, The abundance of
m olecu lar io n s  i s  o f te n  low. In  c y c lic  a lc o h o ls , w e ll-re c o g n ise d
p ro cesses  occur, as shown in  F ig . 7 . In  g e n e ra l , however, th e  sp e c tra
of c y c lic  a lco h o ls  such as the  monoterpene a lc o h o ls , are  s u f f ic ie n t ly
complex th a t  u s e fu l  g e n e ra l is a t io n s  a p p lic a b le  to  o th e r  c y c lic
a lco h o ls  cannot s a f e ly  be made, s in ce  many of th e  frag m en ta tio n s  a re
\
n o t d ire c te d  by the hydroxyl group.
A ceta tes  are perhaps the  most common d e r iv a t iv e s  in  o rganic  
chem istry . T heir ease of fo rm ation  and e x c e l le n t  gas chrom atographic 
c h a r a c te r i s t i c s  are  w e ll known, bu t u n fo r tu n a te ly , in  the  mass
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spec trom eter they  e lim in a te  a c e t ic  ac id  by both  1 ,2  and 1 ,3  -  p ro cesses
as r e a d i ly  as a lco h o ls  e lim in a te  w a te r , and consequen tly  the
m olecu lar io n  i s  o f te n  undetec tab le ,, The charged re s id u e  which
rem ains o f te n  s u f fe r s  complex o le f in ic  frag m e n ta tio n s , a lthough  in
18the  case o f c h o le s te ry l  a c e ta te  (27, Fig* 8) a s tra ig h tfo rw a rd
20frag m en ta tio n  p ro cess  occurs® T r if lu o ro a c e ta te s  have been re p o r te d  
to  show abundant m olecu lar io n s  and have le s s  complex frag m en ta tio n  
pathways®
The analy tica l., u t i l i t y  o f t r i m s th y ls i ly l  e th e r s  in  GC-MS
i s  w idely  a p p re c ia te d , e s p e c ia l ly  in  b iochem ical in v e s t ig a t io n s ;  th e
21 22se p a ra tio n  and id e n t i f i c a t io n  of s te r o id s  in  f a e c e s '" ',  u r in e  , and 
23blood , th rough  th e i r  t r i r n e th y ls i ly l  d e r iv a t iv e s  c o n s t i tu te  t e l l i n g
examples of th e  power of the  tech n iq u e . These d e r iv a t iv e s  have
a lre ad y  been considered  b r i e f ly  in  s e c tio n  l e2* C h a ra c te r is t ic
s te r o id  t r im s th y l s i ly l  e th e r  frag m en ta tio n s  were f i r s t  reco rded  by
Eneroth e t  a l? ^  in  1964 and by S j o v a l l ^  in  1965* U sefu l c o r r e la t io n s
5
were noted  fo r  the u b iq u ito u s  3(3 -h y d ro x y -a  - s t e r o id s .  The scope of
26th e se  c o r r e la t io n s  was exp lored  fo r  many examples by Brooks e t  a l
in  1966. The fo rm ation  o f c h a r a c te r i s t i c  io n s  a t  m^ e=129 and M-129
5
was shown a lso  to  occur fo r  bo th  4/3 -m ethy l- and 4> 4-d im ethy l-A  - s t e r o l  
and i t  was concluded th a t  the  frag m en ta tio n s  invo lved  a l l v l i e  f i s s io n sN U
a t  ^
27were confirm ed by D je ra ss i e t  a l ' in  1967 by deuterium  la b e l l in g .
A re s e rv a tio n  concerning the use o f the  d e r iv a t iv e  must be
( l ) - C ( io ) .  The proposed breakdowns (Fig* 9)
Figo  9
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made, however. I t  has been observed th a t  c e r ta in  t r im e th y l s i ly l
e th e r s  undergo s k e le ta l  rearrangem ents upon e le c tro n  im pact, which
can cause m is in te rp re ta tio n * , An example of t h i s  i s  the  fo rm ation
of th e  io n s  (29) and fo) from the b i s - t r i m s th y l s i l y l  e th e r  (2S) .
28The use of p e rd .eu tera ted  t r im e th y l s i ly l a t in g  re a g e n ts  i s  of
.p o te n t ia l  va lue  in  the  1 s h i f t 1 technique* The v e r s a t i l i t y  of o th e r
d e r iv a t iv e s  such as d im e th y ls ily l  e th e r s  and ch lo rom ethy l-
29 /d im e th y ls i ly l  e th e r s ” (u se fu l in  mass spec trom etry  and e le c tro n -
cap tu re  gas chromatography) should a lso  be n o te d 0
30T etrahydropyrany l e th e r s  a re  p robab ly  of l im ite d  a p p l i c a b i l i ty ,  
s in ce  t h e i r  m o lecu lar io n s  a re  weak, and the base peaic in  the  
spectrum  i s  g e n e ra lly  caused' by c< - f i s s i o n  between th e  e th e r  oxygens 
( (31) ■» (32) ) w ith  r e te n t io n  of charge by the  te tra h y d ro p y ra n y l
m oie ty . The a l t e r n a t iv e s  - f i s s i o n  in  the  s id e  ch a in  i s  r e l a t i v e ly  
unimportant©
P o ly o ls  a re  by v ir tu e  o f t h e i r  p o la r i ty  u n s u ita b le  as such f o r
GC-MS. V ic in a l d io ls  have a lread y  been considered  in  th e  s e c tio n
on o le f in ic  d e r iv a t iv e s .  l , 3 - 5 i o l s  should be amenable to
exam ination  by GC-MS, u sing  e i th e r  the  ace to n id e  o r boronate
d e r iv a t iv e .  No comprehensive d a ta  fo r  t h e i r  mass s p e c t r a l
frag m en ta tio n s  a re  as y e t  a v a ila b le . Po 'ly-trim s t h y l s i l y l  e th e r s
have been dem onstrated  to  be s u ita b le  fo r  GC-MS e .g .  m annito l hexa-
31t r im e th y l s i ly l  e th e r  (mw„ 614, c f ,  p a re n t compound, mw. 182).
qp qq  qy
S tu d ies  on sac c h a rid es  ? s te ro id - p e n to ls  , and n u c leo s id e s  
v ia  the p o ly t r im e th y ls i ly l  d e r iv a t iv e s  i l l u s t r a t e  th e  c ap a c ity  of
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the  d e r iv a t iv e  to  ren d e r no n -p o la r m a te r ia ls  s u f f i c i e n t ly  v o la t i l e  
f o r  GC-MS.
Amines
The amine group has a g re a te r  e le c tro n - re le a s in g  c ap a c ity
th an  the  ‘hydroxyl group. Types of cleavage analogous to  th o se  of
the hydroxyl group occur in  amines* to  a more pronounced d eg ree .
The frag m en ta tio n  of m ethyl e th y l  butylam ine (33) i l l u s t r a t e s
the  sim pler p ro cesses  to  be expected  (F ig . 1 0 ). The amine fu n c tio n
th u s  has a g re a te r  a b i l i t y  to  d i r e c t  frag m en ta tio n  and s t a b i l i z e
th e  r e s u l ta n t  fragm ent as an immonium c a tio n  (e.g .b 'o rnylam ine (3 4 )j
F ig . 1 0 ), a ffo rd in g  in fo rm atio n  about the  environm ent of th e
n itro g e n . U n fo rtu n a te ly , the  amino fu n c tio n , because of i t s
p o la r ity ^  co n fe rs  adverse gas chrom atographic p r o p e r t i e s 0
F u n c tio n a liz a t io n  of prim ary and secondary amines can improve
gas chrom atographic p r o p e r t ie s : a c e ty la t io n  and t r im e th y l s i ly la t io n
are  reco g n ised  procedures*. An example o f the  power o f the GC-MS
method i s  g iven  by the  study of d e r iv a tiz e d  b io lo g ic a l  am ines, by 
1 £
Horning e t  a l " . f t-Phenylethylam ine r e a d i ly  a f fo rd s  the  
N - tr im e th y ls i ly la te d  d e r iv a tiv e  which e x h ib i ts  abundant io n s  a t  
m//e = 193 (m olecular io n ) and a t  ^ e  = 102 (c leavage between the  . 
carbon atoms o f the  s id e  chain  w ith  charge r e te n t io n  by the  
N -con ta in ing  m o ie ty ). Catecholamine m ix tu res a re  s p e c i f ic a l ly  
d e r iv a t iz e d  by tre a tm e n t w ith  h e x am e th y ld is ila z a re , fo llow ed by 
a d d itio n  of an excess of a sim ple k e to n e , r e s u l t in g  in  an 
O - tr im e th y ls i ly l  enam ine, or O - tr im e th y ls i ly l  S c h i f f 's  base which
Fig*  11
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3 5fragm ent in  a c h a r a c te r i s t i c  manner. P a i le r  et. a l  have d e sc rib ed  
the  a n a ly s is  by GC-MS of the  prim ary and secondary amines from 
c ig a r e t te  smoke, as t h e i r  N - tr i f lu o ro a c e ty l  d e r iv a t iv e s .
Acids
C arboxylic  a c id s  a re , a p a r t  from th e  low est m olecu lar w eight 
s p e c ie s , u n su ita b le  fo r  GLC. T heir i n v o l a t i l i t y  and p o te n t ia l  
therm al l a b i l i t y  may l im i t  th e  value  of mass sp ec tro sco p ic  
exam ination .
R outine in v e s t ig a t io n s  norm ally  u t i l i z e  the  m ethyl e s t e r s ,  
which a re  more s u ita b le  fo r  GC-MS; the  d e r iv a t iv e s  a re  v o la t i l e  
r e l a t iv e  to  the  a c id s , the in c re a se  in  m olecu lar w eight i s  sm all, 
m olecu lar io n s  a re  u su a lly  observed, and most im p o rtan t, the
36frag m en ta tio n  of the  molecule i s  d ire c te d  in  a w e ll documented 
manner. C h a r a c te r is t ic  frag m en ta tio n s  (P ig . 11) invo lve  U -c le a v a g e , 
o f te n  a ffo rd in g  th e  two e n e r g e t ic a l ly  favoured  ions (35) and (36 ), 
which undergo f u r th e r  breakdown. The w e ll known M cLafferty 
rearrangem ent ( (3?) (38) ) invo lves /5-cleavage w ith  concom itant
hydrogen t r a n s f e r ,  re v e a lin g  in fo rm atio n  about neighbouring  carbon 
s u b s t i tu t io n .  A com plicating  p ro cess  in  many branched chain  and 
long chain  m ethyl e s te r s  i s  the  u b iq u ito u s  lo s s  o f m ethanol which 
o f te n  fo llow s i n i t i a l  c<-cleavage ( (39) (4-0) ) .
31T r im e th y ls i ly l  e s te r s  o f ac id s  have been re p o r te d  and are 
worthy of m ention because o f the  p o s s ib i l i t y  o f t h e i r  fo rm ation  
d u ring  t r im e th y ls i ly la t io n  of n a tu ra l  e x t r a c ts  co n ta in in g  hydroisylic
1 0 1
and c a rb o x y lie  compounds* They are th e rm a lly  s ta b le  and e x h ib i t  
good gas chrom atographic behav iour, b u t a re  very  su sc e p tib le  to
on
hydrolysis®  C i t r i c  a c id , ''’ fo r  example, i s  s u i ta b le  fo r  study
by GC-MS as i t s  t r i s - t r i m e t h y l s i l y l  e s t e r ,  b u t the  s c a r c i ty  of
d e r iv a tiv e s  re p o rte d  does n o t p erm it an assessm ent of th e  frag m en ta tio n -
d i r e c t in g  p ro p e r t ie s  of the group.
Amino a c id s ,  by v ir tu e  of t h e i r  z w it te r io n ic  n a tu re  and
r e s u l t a n t  low v o l a t i l i t y  must a lso  be d e r iv a t iz e d  in  o rd e r to  perform
an exam ination  by GC-MS. Many s a t i s f a c to r y  d e r iv a t iv e s  f o r  GLC
37
have been d e sc r ib e d , e ,g 0 R ichards and Mason ' have re p o rte d  th e  use
o f N ,0 ~ b is tr if lu o ro a c e ty l  m ethyl e s te r s  of ty ro s in e  and th y ro n in e ;
Darbre has d e sc rib e d  the  d e r iv a t iz a t io n  o f p ro te in  amino a c id s
by conversion  of th e  ca rb o x y lic  ac id  to  an e s te r  fo llow ed  by
t r i f iu o r o a c e ty la t io n  of the  amino, hydroxyl and t h i o l  groups;
39Jaakonmaki has dem onstrated  the  u t i l i t y  o f N ,O -d ip iv a ly l m ethyl
e s te r s  of the  th y ro id  hormones. Of the  la rg e  volume of work done
on p ep tid e  d e r iv a t iv e s  fo r  GC-MS perhaps the  work o f Andersson* can
be m entioned. An exam ination of t r i f lu o r o a c e ty l  and h ex a flu o ro b u ty ry l
m ethyl e s t e r s  of p e p tid e s  re v e a le d  th a t  both  d e r iv a t iv e s  ren d ered  the
p e p tid e s  s u f f i c i e n t ly  v o la t i l e  fo r  gas chrom atography. On Carbowax
20 H columns the  r e te n t io n  tim es fo r  the form er were 50/o l e s s ,
\
S tr ik in g  s i m i l a r i t i e s  in  mass s p e c tra l  frag m en ta tio n s  were observed, 
and a s e q u e n tia l  a n a ly s is  of d e r iv a t iv e s  o f DL-Ala-DL-Phe-OMe and 
Gly-Gly-Gly-OMe was o b ta in ed .
1 0 2
The in c re a s in g  im portance of the  GO-MS techn ique  i s  becoming 
more obvious* The fo reg o in g  d is c u ss io n  in d ic a te s  th a t  a p a r t i c u la r ly  
im portan t a sp e c t of the tech n iq u e , the  use of d e r iv a t iv e s  designed  
to  enhance the  s ig n if ic a n c e  of GC-MS ev idence , i s  under a c tiv e  
developm ent. I t  rem ains la rg e ly  dependent on th e  types of d e r iv a t iv e  
used c l a s s i c a l l y  f o r  o rgan ic  c h a r a c te r is a t io n ,  and i t  i s  c le a r  th a t  
gas-phase p rocedures both  demand and allow  a q u ite  d i f f e r e n t  
approach to  th e  re c o g n itio n  o f s t ru c tu re  th rough f u n c t io n a l i ty .
1 0 3
k. 2 PI SOU SSI PIT QF RESULTS
Enol Trim e th y ls i l y l  E th ers  as D e riv a tiv e s  fo r  GC-MS
The e f f ic a c y  o f eno l t r im e th y l s i ly l  e th e r s  of carbonyl
groups, which belong to  d e r iv a t iv e  ca teg o ry  (a), was deemed w orthy
o f exam ination . I t  was expected  by analogy w ith  a lco h o l
t r im e th y l s i ly l  e th e r s ,  th a t  the  a b i l i t y  of the  t r im e th y l s i ly l
m oiety to  s t a b i l i z e  the  h igh-energy  r a d ic a l  c a t io n  in  th e  mass
sp ec tro m ete r would r e s u l t  in  an abundant m olecu lar io n . The gas
chrom atographic p ro p e r t ie s  were p o te n t ia l ly  fav o u rab le  s in ce  en o l
Alt r im e th y l s i ly l  e th e r s  had been b r i e f ly  re p o rte d  by Grundy e t  a l
as by p ro d u c ts  du ring  gas chrom atographic exam ination of
t r im e th y ls i ly la te d  s te r o id  a lco h o l m ix tu res which co n ta in ed  k e to n ic
/ ?m ate ria lo  They had a lso  been observed by Horning e t  a l 4"' du ring
s im ila r  GLC group a n a ly se s . The fundam ental change in  th e  carbon
2sk e le to n  due to  th e  in c o rp o ra tio n  of two sp c e n tre s  was expected  
to  a l t e r  m arkedly the  mass s p e c tr a l  c h a r a c t e r i s t i c 0
Enol fo rm ation  i s  a r e v e r s ib le  p ro cess  in  which only  sm all 
q u a n t i t ie s  o f th e  en o l tautom er are  p re se n t in  the  normal u npertu rbed  
system . The eq u ilib riu m  can be a l te r e d ,  however, in  the  p resence  o f 
an ac id  and th e  e n o lic  form a b s tra c te d  i r r e v e r s ib ly  by a c e ty la t io n .
By analogy, s e v e ra l ketones were t r e a te d  a t  d i f f e r e n t  tem pera tu res 
in  hexam eth y ld is ilazan e  w ith  a c a ta ly t i c  t r a c e  of p -to lu en esu lp h o n ic  
a c id . Only in  th e  s im p le st c a se , cyclohexanone, was eno l 
t r im e th y l s i ly la t io n  ach ieved . F u r th e r  in v e s t ig a t io n s  re v e a le d  th a t
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TABLE lo
Ion % of base ■oeak
W e a 42 42 44 45
.18^ i s 48 35 15 28
183 i i 13 15 4 4
169 70 55 67 100 43
156 10 15 8 3 2
155 15 10 2 1 5
142 6 30 15 23 59
141 37 17 10 12 10
127 3 25 35 1 90
75 £5 92 100 45 100
73 100 100 85 - 95 60
TABLE 2 0
C alcu la ted Observed m etestab le
t r a n s i t io n M etastab le 4 i 42 & 44 45
184-  169 155.1
D
155.1 155.1 155.1? 155.1 155.1
184- 156 . 132.2 132 . 2? 132.2 - - -
184- 142 109.6 - 109 06 - 109 06
184- 141 107.0 - - - -
184- 127 87.75 - - -
169- 142 119 0 2 - - - - -  .
169- 141 117 06 - — \ - - -
169- 127 95o5 - - - - -
156-  142 129ol « - - - -
156- 141 127.4 127.4 127o4? - -
156-  127 103.4 103.4? 103.4 - - -
10 -^
th e  optimum, conversion  co n d itio n s  n e c e s s i ta te d  th e  r e c e n tly  
in tro d u ced  re a g e n t b i s - t r im e th y l s i ly l  acetam ide (BSA) w ith  a 
t r a c e  of p -to lu en esu lp h o n ic  a c id  (PTSA) monohydrate as c a ta ly s t .
The d e r iv a t iv e s  could  be sep a ra te d  by p re p a ra t iv e  th in  la y e r  
chrom atography, b u t were hydrolysed  back to  th e  ketone form on 
exposure to  a i r  w ith in  two hou rs .
D isso lu tio n  of 2-m ethyl-cyclohexanone, 3 -m ethyl-cyclohexanone, 
4~m ethyl-cyclohexanone, 2 ,6-dim ethyl-cyclohexanone and menthone in  
BSA and PTSA re s u l te d  in  t o t a l  conv ersio n , accord ing  to  GC-MS, 
to  d e r iv a t iv e s  of m olecular w eight c o n s is te n t  w ith  eno l 
t r im e th y l s i ly l a t io n .  2 -m ethy l- and 3-m ethyl-cyclohexanone a ffo rd e d  
th e  isom eric  d e r iv a t iv e s  (41 and 42) and (43 and 44) re sp e c tiv e ly ,, 
Menthone, on the  o th e r hand a ffo rd ed  one d e r iv a t iv e ,  shown by NMR 
to  correspond to  s tru c tu re  (47 ), and d isp la y in g  in  the  in f r a - r e d  
spectrum  c h a r a c te r i s t i c  t r im e th y l s i ly l  a b so rp tio n s  a t  850 cm~",
1180 cmT“ and 1250 cnT^
The most c h a r a c te r i s t i c  frag m en ta tio n s  o f the  isom eric  
d e r iv a t iv e s  (41 to  46) (Table 1) invo lved  R e tro -D ie ls  A lder p ro c e sses  
w ith  charge r e te n t io n  by the  t r im e th y ls i ly la te d  m oie ty0 T e n ta tiv e  
assignm ent o f the  isom eric  s t ru c tu re s  (43) and (4 4 ) .could  be made 
from th e  r e l a t iv e  abundances o f the  R e tro -D ie ls  A lder peaks a t  
m^ e = 142 and my^ e -  156 re s p e c t iv e ly ,  ITo such assignm ent can be 
made fo r  isom ers (40) and (42 ) s in ce  bo th  a f fo rd  R e tro -D ie ls  A lder 
sp ec ie s  o f the  same mass. This p ro cess  i s  a lso  ev id en t in  (45)>
105
a ffo rd in g  an abundant io n  a t  e -  142* D eriv a tiv e  (4-6) a lso
m/e x h ib i ts  a s ig n i f ic a n t  R e tro -D ie ls  A lder peak a t  e = 170. bu t 
m /a fragm ent a t  e = 169 i s  tw ice  as abundant* D e riv a tiv e  (4 7 ), 
formed from menthone, e x h ib i ts  an in s ig n i f ic a n t  R e tro -D ie ls  A lder 
p ro d u c t 16 4 )j b u t shows an abundant io n  a t  = 183*
Abundant fragm ent io n s  a t  m^ e =  12.7 in  (43) and (45) 9 
rn^ e = 1/>1 in  (41)5 (42 ) and (44)? = 155 in  (46 ) and m//e = 169
in  (47) a re  p robab ly  r e la te d  sp ec ie s  formed by a com bination o f 
R e tro -D ie ls  A lder re a c t io n  and lo s s  o f m ethyl group from the  
t r im e th y l s i ly l  m oiety (F ig , 13 ) ,  r e s u l t in g  in  s ta b i l i z e d  sp ec ie s  
such as (52) and (55)* Two pathw ays, A and B (F ig , 13) a re  
p o ss ib le*  P a th  A i s  supported  by the  appearance of m e ta s tab le  io n s  
(Table 2 ) co rrespond ing  to  the  t r a n s i t io n s  (41) *> (50) +  (52)
and (45) (53) ■* (55) * The a l te r n a t iv e  p a th  B i s  n o t
co rro b o ra ted  by rne testab le  io n s . Ions (51) and (54) may undergo 
frag m en ta tio n s  o th e r  than  R e tro -D ie ls  A lder p rocesses*
m/
A th i r d  group of abundant fragm ent io n s  a t  e = 113 in  (43);
(44) and (45); = 127 in  (41 ) and (42 ) ,  m^ e = 141 in  (46) end
m/a t  e = 155 in  (47) i s  more d i f f i c u l t  to  account f o r ,  A suggested  
e x p lan a tio n  i s  o u tl in e d  in  F ig , 14*
The correspond ing  d e r iv a t iv e  of 5^~cholesten~3~one, (48 ) ,  was 
formed under s im ila r  c o n d itio n s , A homogeneous d e r iv a t iv e  was 
in d ic a te d  by GI£* The e f f e c t  on gas chrom atographic r e te n t io n  
tim e i s  i l l u s t r a t e d  in  F ig , 15* The NMR spectrum  of the  d e r iv a t iv e
F ig .  15
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in d ic a te d  9 t r im e th y l s i ly l  p ro to n s  a t  '1 9»7, 4 a l l y l i c  p ro to n s
and one v in y l ic  p ro to n . S tru c tu re  (48) was th e re fo re  suggested ,
13analogous to  th a t  formed by en o l a c e ty la t io n  . Form ation of th e
O
o th e r  p o s s ib le  isom er i s  ap p a ren tly  p rec lu d ed  on s t e r i c
grounds"^.
t
The m olecu lar io n  ( e = 458) was an abundant sp ec ie s
(75$ o f the  base p ea^ e . The spectrum .as a whole was much sim pler
than  th a t  of 5<* -ch o le s tan -3 ~ o n e , in d ic a t in g  th a t  the  eno l
t r im e th y l s i ly l  e th e r  group has a g re a te r  f ra g m e n ta tio n -d ire c tin g
c a p a c ity  than  th e  3-ketone group0 The frag m en ta tio n  was dom inated
/
by s c is s io n  of r in g  A to  give io n s  a t  e 143 and 1420 The form er
io n  may a r is e  th rough  a l l y l i c  cleavage and hydrogen tran sfe r-
through a 6-membered t r a n s i t io n  s ta te  fo llow ed  by v in y l ic  cleavage
as shown in  F ig , 180 The expected  r e t ro - D ie ls  A lder fragm ent 
m /(58) e 142,(72/o o f base peak) was observed© The appearance of
18th e se  two io n s  c o n tra s ts  w ith  the  reported" mass spectrum  of 
c h o le stan -3 -o n e  eno l a c e ta te ,  in  which a p p a ren tly  only the  R e tro - 
D ie ls  A lder p ro cess  was observed, and. the  charge re s id e d  w ith  th e  
r in g  B-C-D m oiety0 In  the case of (56) th e  charge i s  t o t a l l y  
re ta in e d  on the  t r im e th y ls i ly la te d  m oiety . The io n  a t  = 127
(59) p robab ly  a r i s e s  p r im a ri ly  from th e 'R e tro -D ie ls  A lder p ro d u c t (5 8 ), 
The lo s s  of t r im e th y ls i la n o l  (90 mass u n i t s )  which norm ally  occurs
as a m ajor p ro cess  in  a lco h o l IMS d e r iv a t iv e s ,  does n o t occur, 
s in ce  e lim in a tio n s  a t  o le f in ic  c e n tre s  are d i f f i c u l t  and the  o th e r  
f r a  gm entati ons ore dom inate,
F is .  19
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Pregnan-20-one, which re p re se n ts  a d i f f e r e n t  type  of
carbonyl environm ent, was observed by GLC to  form two d e r iv a t iv e s
when t r e a te d  under eno l t r im e th y ls i ly la t io n  cond itions,, NMR of
the  m ix tu re , which was in sep a ra b le  by p re p a ra t iv e  th in  la y e r
chrom atography, in d ic a te d  complete absence of v in y l ic  p ro to n s0
.S tru c tu re s  (60) and (61) are  th e re fo re  probable* The d e r iv a t iv e s
were ag a in  observed to  be l a b i l e 0 GC--MS was perform ed, r e s u l t in g
in  s im ila r  mass sp e c tra  fo r  each of the  geo m etrica l isom ers*
The m olecu lar ion  in  t h i s  case was l e s s  abundant, and the  p e e l a t  
m/e 73 ( (C H ^^Si* ) observed as th e  base peak: however, th e
s ig n if ic a n c e  of t h i s  io n  i s  l im ite d  as i t  i s  very  commonly 
encountered  from t r im e th y l s i ly l  e th e r s  end can a r is e  from reagen ts*  
The abundant lo s s  of 15 i s  presum ably due in  p a n t to  fo rm ation  o f 
the  con jugated  oxonium io n  (62)* lo s s  of t r im e th y ls i la n o l  (P-90) 
i s  e v id en t in  t h i s  d e r iv a t iv e ,  u n lik e  the  co rresponding  d e r iv a tiv e  
o f 5°<“ C holestan -3““One, as a minor peak a t  ^ e  = 2&4« The io n  a t  
195 (63) (P-CgH^^TMS) p o ss ib ly  a r i s e s  th rough a l l y l i c  cleavage 
between ^(p2) ”  ^(33) aS s^0Vjn p ro cess  le ad in g  to
the  io n  of m'^e 157, which probab ly  co n ta in s  s i l i c o n ,  may invo lve  
s c is s io n  as shown in  F ig . 19 to  give the  s ta b i l i z e d  c a tio n  (64)0 
In  summary, eno l t r im e th y l s i ly la t io n  r e s u l t s  in  d i r e c t io n  o f 
frag m en ta tio n , the  r e s u l ta n t  io n s  being s ta b i l iz e d  by e i th e r  the 
t r im e th y l s i ly l  ( r a d ic a l  c a tio n )  or d im s th y ls i ly l  (c a tio n )  m oieties*  
The ca ro o cy c lic  d e r iv a t iv e s  examined e x h ib ite d  c h a r a c te r i s t i c
fragm enta tions*  Pregnan-20-one eno l t r im e th y l s i ly l  e th e r ,  th e  on ly  
system examined which cannot undergo a R e tro -D ie ls  A lder p ro c e ss , 
d isp la y ed  a more com plicated  mode of fragm entation©
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Thiones as  GO-MS D e riv a ti ves
T h iones/. fo rm a lly  analogous to  k e to n es , a re  in  many in s ta n c e s
13r e a d i ly  p rep a red  in  h igh  y ie ld "  by sim ple methods such as 
re f lu x in g  th e  ketone w ith  phosphorus p en tasu lp h id e  in  x y len e , or 
by bubb ling  hydrogen su lp h id e  and h y d ro ch lo ric  a c id  gas th rough 
.an  e th a n o l ic  s o lu t io n  of the  k e to n e . We have found th iocam phor(6 6 ) , 
th io fenchone  (6 8 ) and thiocam phenilone ( 70 ) to  have e x c e l l e n t  gas 
chrom atographic p ro p e r t ie s ,  th e  s l i g h t  in c re a se  in  m olecu lar w eight 
being  o f f s e t  by in c re a se d  v o l a t i l i t y  (th io n es  are  l e s s  p o la r  th an  
the  correspond ing  k e t o n e s ) t h e y  a re  a lso  th e rm ally  s ta b le  under 
gas chrom atographic c o n d itio n s . The r e te n t io n  f a c to r  ( r a t io  o f 
r e te n t io n  of d e r iv a tiv e  to  ketone) i s ,  on non -po lar phases such 
as SE-30 o r APL, approx im ately  1 ,5 . M icro -sca le  r e a c t io n s  on 
m ix tu res  u s in g  th e  conversion  method d esc rib ed  above should th e re fo re  
be amenable to  th e  *Peak—S hift*  techn ique  in  which changes in  gas 
chrom atographic r e te n t io n  may be c o r re la te d  w ith  the  r e te n t io n  
f a c to r  o f th e  th io n e  group0
C e rta in  p re lim in a ry  o b se rv a tio n s  may be made concern ing  the  
mass s p e c t r a l  p ro p e r t ie s  o f th io n e s . The m olecu lar io n s  of the  
th io n e s  a re  s u b s ta n t ia l ly  s tro n g e r th an  in  the corresponding  
k e to n es . This would appear to  in d ic a te  t h a t  the th io n e  fu n c tio n  
has a g re a te r  c a p a c ity  f o r  s t a b i l i z a t io n  of the h igh -energy  r a d ic a l  
c a tio n . More im p o rtan tly , the  mass sp e c tra  of camphor(65), 
fenchone (6?) and camphenilone (6 9 ) a re  t o t a l l y  d is s im ila r  
(F ig s . 20- 22 ) whereas those  of thiocam phor and th iofenchone are
Fig© ZO
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v i r t u a l l y  su p e r im p o sa b le j t h a t  o f  th io c a m p h e n ilo n e , th e  r e l a t e d  
nor-com pound , i s  a l s o  s im ila r®  The th io n e  g ro u p in g  i s  th e r e f o r e  
d i r e c t i n g  th e  f r a g m e n ta t io n  i n  a  more r e g u la r  and d e f i n i t i v e  
m anner th a n  th e  k e to n e  grouping®
The p r i n c i p a l  p eak s  i n  cam phor a re  due to  h y d ro ca rb o n
2fZf .
fra g m e n ts  * (Fig®23)* Very few o f  th e s e  p eak s  have t h e i r  
c o u n te r p a r t s  i n  th e  sp ec tru m  o f  th e  th ione* . In  a d d i t io n  th e r e  a re  
no S - c o n ta in in g  p e ak s  in  th e  mass sp ec tru m  o f  th e  th io n e  
c o r re s p o n d in g  to  0 - c o n ta in in g  p e ak s  i n  th e  mass sp ec tru m  o f  th e  ketone* 
I t  m ust th e r e f o r e  be assum ed t h a t  many o f  th e  p r i n c i p a l  p eak s  
c o n ta in  s u lp h u r  a s  a  s t a b i l i z i n g  h e te r o - s p e c ie s *
S e v e r a l  f r a g m e n ta t io n  schem es a c c o u n tin g  f o r  m ajo r io n s  in  
th e  mass s p e c t r a  o f  th e  th io n e s  a re  s u g g e s te d  be low , b u t i n  th e  
absence o f  h ig h - r e s o l u t i o n  mass s p e c t r a ] ,  m easurem ents and 
d e u te r a t i o n  s t u d i e s ,  th e s e  schem es m ust re m a in  p u re ly  s p e c u la t iv e ,
kkD j e r a s s i  g iv e s  a  p e r t i n e n t  w a rn in g  ab o u t su ch  h y p o th e t ic a l  
mass s p e c t r a l  in te r p r e ta t io n s ®  G re a t c a re  sh o u ld  be e x e r c is e d  in  
i n t e r p r e t i n g  th e  s p e c t r a  o f  h ig h ly - f u s e d  o r  s u b s t i t u t e d  
h y d ro c a rb o n  n u c le i  la c k in g  s t r o n g  f r a g m e n ta t io n - d i r e c t in g  g ro u p s .
The th io n e  g ro u p in g , how ever, i s  s t r o n g l y - d i r e c t i n g  in  i t s  
p r o p e r t i e s .  I t  i s  a l s o  to  be e x p e c te d  t h a t  s in c e  th e  m o le c u la r  
io n  p ro d u ced  i s  b o th  a  c a t i o n  and a  f r e e  r a d i c a l ,  and s in c e  many 
te r p e n o id s  undergo carbon ium  io n  and . f r e e  r a d i c a l  
re a rra n g e m e n ts  w ith  g r e a t  f a c i l i t y ,  even  s im p le
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te rp e n o id s  w i l l  e x h ib i t  u n u su a lly  com plicated  e le c tro n - im p a c t
frag m en ta tio n  re a c tio n s ?
Thiocamphor and th iofenchone bo th  lo se  29 mass u n i t s  from
th e  m olecu lar io n , and th iocam phenilone, 28. One p o s s ib le
mechanism in v o lv es  i n i t i a l  (3 - f i s s i o n ,  fo llow ed  by hydrogen t r a n s f e r
and e th y l  cleavage as shown in  p a th  A. The r e s u l t a n t  c a tio n  ( 71 )
i s  a re s o n a n c e -s ta b il is e d  sulphonium s p e c ie s . In  th iocam phenilone
a R e tro -D ie ls  A lder p ro cess  may be invoked to  account f o r  P-28 ( 7 2 )
which p o s s ib ly  i s  the  p ro g e n ito r  of ni/^ e 71 (73) ( p a th  B ).
The lo s s  o f 33 (HS) i s  an o th er minor p ro cess  in  thiocam phor
and th io fen ch o n e , b u t in  th iocam phenilone i t  produces an io n  a t  
m / e 121 of 55% abundance r e l a t i v e  to  th e  base peak.
The lo s s  of 43 (iso p ro p y l) i s  e v id en t as a m ajor p ro cess  in
a l l  th re e  th io n e s . P o ss ib le  mechanisms, o u tlin e d  in  pathways C, D
and E invo lve  i n i t i a l  c< - f i s s i o n  fo llow ed by hydrogen t r a n s f e r  and
fo rm ation  of a s ta b i l i z e d  sulphonium c a tio n  ( 7 ^ ,7 6 ) .
m/The abundant sulphonium io n s  a t  e 113 in  thiocam phor and
th iofenchone invo lve  lo s s  of C4K7 . This must invo lve  e i th e r
ex ten s iv e  s k e le ta l  rearrangem ent or a pathway such as F le ad in g
to  th e  th io k e te n e  c a tio n  (77 ).
The only  frag m en t( 7 8 ) corresponding  to  an oxygenated fragm ent
i s  a t  m^ e 85 (and m^ e 71 (7 9 ) in  th iocam phen ilone). By analogy w ith
1 5th e  W olinski frag m en ta tio n  1 ., pathways G and H may be invoked.
The in h e re n t dangers o f sp ec u la tio n  a re  exem plified  by th e
16ex p lan a tio n  of Pieed'r of th e  frag m en ta tio n  o f camphor. None of
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h is  co n c lu sio n s  were s u b s ta n tia te d  by D je r a s s i !s w o rk ^ .
I t  i s  hoped, however, t h a t  the  f ra g m e n ta tio n -d ire c tin g  
p ro p e r t ie s  of th e  th io n e  group have been i l l u s t r a t e d  s u f f i c i e n t ly  
to  w arran t f u r th e r  in v e s tig a tio n *
Fig*  26
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GC-MS P ro p e r t ie s  of T rim ethvl s i  l y l  E th ers  of Eotm eric M enthols
The use of mass spec trom etry  in  th e  d e te rm in a tio n  of r e l a t iv e
ep im eric  c o n f ig u ra tio n  when bo th  epim ers are a v a ila b le  i s  w e ll
known^*"*'^'. The e m p ir ic a l s tu d ie s  of Z a re ts k ii  _et a l ^ ~ ^  and 
31
o f Biemann e t  a l  have dem onstrated  t h a t  in  ep im eric  a lc o h o ls  and
•a c e ta te s ,  f o r  exam ple, th e  le s s  crowded epimer g iv es  a more in te n se
m olecu lar io n  and c o n v erse ly , the  lo s s  of w ater o r a c e t ic  acid
predom inates in  th e  more crowded ion* This i s  a consequence of
th e  r e l a t iv e  r a t e s  of s t e r i c  decongestion  which can be achieved
through  e lim in a tio n  from the  en erg ised  r a d ic a l  c a t io n 0 A germane
50study  was t h a t  of W illhalm  and Thomas who examined th e  mass 
sp e c tra  of th e  ep im eric  m enthols, and showed th a t  th e  s te reo ch em ica l 
isom ers were r e a d i ly  d is t in g u is h e d . I t  fo llow s th a t  when models • 
show an a p p re c ia b le  d if fe re n c e  i n  c o n g e s tio n 'a t  the  ep im eric  
c e n tr e ,  mass spec trom etry  should allow  con firm atio n  of th e  
s te r e  oc he mi c a l  a s s i  gnment e
I t  was o f i n t e r e s t  to  examine th e  a p p l ic a b i l i ty  of t h i s  
procedure to  combined gas chromatography-mass sp ec tro m etry , w ith  
th e  o b je c tiv e  o f d i f f e r e n t i a t in g  between epim ers in  a m ix tu re , 
w ith o u t p r io r  s e p a ra tio n . -The tendency of a lco h o ls  to  undergo 
deh y d ra tio n  when su b jec te d  to  GC-MS o n 'th e  LKB 9000 in s tru m en t 
p rev en ted  t h e i r  e f f e c t iv e  use as such. A ccordingly , the  
t r im e th y l s i ly l  e th e r s  o f menthol (SO), isom enthol (8 1 ), neomenthol (82) 
end neoisom enthol (83) were p repared  in  the hope t h a t  th e  s te r ic .e l ly -
I l k
enhanced epim eric  d if f e re n c e  would be m an ifested  in  s ig n i f ic a n t  
frag m en ta tio n  d if f e r e n c e s .
The r e p r o d u c ib i l i ty  o f the s p e c tra  o b ta ined  from consecu tive  
exam inations of th e  same epirner was observed to  be a fu n c tio n  of 
th e  fo llo w in g  v a r ia b le  f a c to r s :
(a) Gas chrom atography c o n d itio n s : a balance had to  be s tru c k
between ra p id  GO e lu t io n  o f the  sample (s in ce  the  source 
tem peratu re  ro se  u n rep ro d u c ib ly  during  the ru n , s l i g h t ly  
a f f e c t in g  io n  abundances)5 and conserv ing  optimum GC s e p a r a t io n
(b) Peak scan speed: to o  f a s t  a scan re s u l te d  in  lo s s  of 
accuracy  of r e l a t i v e  io n  abundances and too slow a scan 
r e s u l te d  in  a spectrum  b iased  by c o n c e n tra tio n , 5-second 
scans were u sed ,
(c.) Scan tim in g : t h i s  f a c to r ,  which was p a r t i c u la r ly  s u sc e p tib le
to  human e r r o r ,  r e s u l te d  in  very  s ig n i f ic a n t  d if f e r e n c e s  in  
s p e c tra  due to  c o n c e n tra tio n  changes®
(a) Thermal e l im in a tio n s : th i s  was minimized by low ering  the
s e p a ra to r  tem peratu re  to  40° and the  source tem peratu re  to
170°, The lo w est tem perature  to  which th e  f la s h  h e a te r  could
\
be lowered w ith o u t r i s k  of im p a irin g  GG se p a ra tio n  was
o
e s tim a te d  to  be 170 . The f ila m e n t c u rre n t was a lso  low ered,
(e) I n je c t io n s  on to  the  GG column were s tan d a rd ized  by r e p e t i t io n  
t i l l  c o n s ta n t peak a reas  r e s u l te d .  Again, the  human f a c to r  was 
an im portan t v a r ia b le -
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Under optimum co n d itio n s  of o p e ra tio n  in  which th e se  v a r ia b le  
were c o n tro lle d  as f a r  as p o s s ib le ,  th e  r e p r o d u c ib i l i ty  of the  
s p e c tra  was u n s a t i s f a c to ry  (Table 3 ) .  I t  was concluded th e re fo re , 
t h a t  GC-MS d a ta  from t r im e th y l s i ly l  e th e r s  of th e  ep im eric  m enthols 
from th e  LKB 9000 in s tru m e n t,c o u ld  n o t in  t h i s  in s ta n c e  be used  
as  a  c r i t e r i o n  of s te re o c h e m is try 0 I t  should be n o ted ,, however, 
t h a t  S jo v a l l  has found s a t i s f a c to r y  r e g u la r i t i e s  d is t in g u is h in g  
hydroxy s te r o id s  ep im eric  a t  sxid u s in g  an LKB 9000
instrum ent*  S im ila r r e g u la r i t i e s  have been observed in  o th e r
5^
ep im eric  compounds in  th i s  departm ent. "
TABLE 3o
Ranges o f Abundances unde r  S t and aix lized  C onditions R e la tiv e  to
-m/. e M 3 ) .  -  1 M i§°
Ion Menthol Isom enthol N e o me n t  ho.l Ne oisom enthol
73 51*1-57.0$ 60*8-65.9$ 3 8 ,7 -4 2 .8 $ 4 8 .6 -7 3 .1 $
75 79o3-89o6 8 7 .0 -8 8 .9 57 .1-69.9 5 7 .4 -9 6 .3
81 1 7 .9 -1 9 .1 2207 -2 3 o6 17*8-20.0 1 4 .8 -2 2 .9
95 1 1 .9 -1 5 .0 11.4.-13.3 • 9 .5 -1 1 .5 1 1 .1 -1 4 .1
138 2 1 .8 -2 5 .5 1 6 .7 -1 6 .9 1 6 .0 -1 9 .3 1 4 .8 -1 7 .4
213 8 .2 -9 .1 6 .0-6o5 5.2-6o6 5 .9 -6 ,3
228 5 .0 -5 .6 5 .2 -6 .1 6 .0 -7 .9 4 .6 -6 .8
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if. 3 EXPERIMENTAL
NMR s p e c tra  were reco rded  as 0.35*4 s o lu tio n s  on a P erk in  
Elmer RIO, V arian HA 100 or on the V arian HA 220 sp ec trom eter 
.(60 Me/s., 100 Mc/s. and 220 Mo/s, r e s p e c t iv e ly ) . T e tram e th y ls ilan e  
was used, as in te r n a l  r e fe re n c e 0 Gas chromatography-mass 
spectrom etry  was perform ed on the* LKB 9000 in s tru m en t, u s in g  
1% SE-30 as s ta t io n a r y  phase0 U l t r a v io le t  and in f r a - r e d  sp e c tra  
were determ ined u s in g  the  Unicam SP 800 and SP 100 spectropho tom eters 
re s p e c t iv e ly .
Enol T r im e th y ls i ly la t io n (‘T ypical P re p a ra tio n ) •
Ketone (**40 mf )  was d is so lv e d  in  b is t r i r n e th y ls i ly la c e tami.de 
(100 p.l) and a c a ta ly t i c  t ra c e  of p -to lu en esu lp h o n ic  ac id  
monohydrate ( «  1 mg) added. The s o lu tio n  was heated  a t  60-80° in  
a sm all sea led  v i a l  fo r  6 ho u rs . The su p e rn a tan t l iq u id  was blown 
o f f  w ith  a stream  of n itro g e n , and the  d e r iv a t iv e  e x tra c te d  from the  
w hite re s id iie  w ith  e th e r .  P re p a ra tiv e  TLG affo rd ed  pure eno l 
t r im e th y l s i ly l  e th e r ,  which very  ra p id ly  hydro lysed  on exposure to  
a i r 0 I n f r a - r e d  ( l iq u id  f ilm ) 1650 cm~“ (M), 1250 cm” " (3 ) ,
840 cm"1 (MS). HMR:*9.85 (9H, S i t G H ^ ) ,
The t r im e th y l s i ly l  eno l e th e r  of menthone e x h ib ite d  th e  
fo llo w in g  IIMR d a ta ,  which p e rm itted  s t r u c tu r a l  assignm ent:
T 6 o95 (1H, s e p te t ,  J  = 8 cps; iso p ro p y l m ethine p ro to n ) , 9 .07  (3H, 
d o u b le t, J  ~ 7 cps; secondary m eth y l), 9 .10  (6H, d o u b le t, J  = 8 cps ; 
iso p ro p y l m e th y ls), 8 .95 (9H, s in g le t ;  s i l y l  m eth y ls).
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S y n th e s is of  Thiocamphor
Camphor (5 g) was d is so lv e d  in  ab so lu te  e th a n o l (25 ml) and 
c h i l le d  t o -10°, Dry hydrogen su lph ide  and dry  h y d ro ch lo ric  a c id  
gas were, bubbled, th rough fo r  6 h o u rs0 The s o lu tio n  g ra d u a lly  
acq u ired  an orange co lo u r, in d ic a t in g  th io n e  fo rm a tio n . Water 
.(100 ml) was added and th e  so lu tio n  n e u tr a l is e d  w ith  aqueous 
sodium b icarbonateo  E x tra c tio n  w ith  e th e r ,  d ry ing  over anhydrous 
sodium su lp h a te  and c o n ce n tra tio n  in  v acuo a t  room tem peratu re  a ffo rd ed  
crude thiocam phor (4 .8  g) which had a p e n e tra tin g  cam phoraceous~sulphur 
odouro
The crude o i l  was adsorbed on to  n e u tr a l  alum ina (Voelm, grade 1,
100 g) and e lu te d  w ith  l i g h t  pe tro leum 0 An orange band was e lu te d
and c o l le c te d  as a s in g le  f r a c t io n .  E vaporation  a ffo rd ed  thiocam phor
—1( l  g) as a s e m ic ry s ta ll in e  o i l 0 I n f r a - r e d :  750 cm” (M), 1130 cm~~(o), 
1210 cm ^ (S ), 1280 cm ~ (S ), 1300 cm “ (S )0 U l t r a - v io le t r  240 mp 
( £ = 11 ,5 0 0 ), 490 mu ( 8= 1 3 ) . ( l i t e r a t u r e  v a lu es  244 mp 
( £ = 1 1 ,5 0 0 ), 493 mu (£ = 1 2 ) ) .  M olecular io n  (GC-M3),1'1 4  168.
Synthe s i s  of Thio fenchone
Fenchone ( l  g) was d is so lv e d  in  xylene (10 ml) and phosphorus 
p en ta su lp h id e  (2 g) added. The so lu tio n  was re f lu x e d  f o r  20 m inu tes, 
becoming red  as the  th io n e  form ed. Chromatography of th e  t o t a l  
p ro d u c t on n e u tr a l  alum ina (Woelm, grade 1, 20 g ) , e lu t in g  w ith  
D.ight p e tro leu m ,a ffo rd ed  th iofenchone (250 mg) as a re d  o i l .
I n f r a - r e d :  1100 cnT^(S), 1180 cnT~ (3 ) ,  1280 cm~*“ (S )0 U l t r a v io le t :
 ^f-Vi-242 mp ( r - 1 1 ,0 0 0 ), 490 m  ( £ = 12)« ( l i t . ,  >!' 240mu ( 10,000);
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T') /
488m ji(e0.l) )„ M olecular io n  (GC-KS)5~ / e 1680
S y n th es is  of Thiocamnhsnilone
Thi oc amphenilone was synthe s i  sed in  e x a c tly  th e  same manner 
as th io fen ch o n e , in  50% y ie ld  ana.h ighly  v o la t i l e  o i l 0 A nalysis  
in d ic a te d  th e  com position (Founds C, 69o73; H, 9 *14j
'c a lc d .  fo r  C^H-^S , C, 7 0 ,1 ; H, 9*15/0o I n f r a - r e d :  1100 cnT^(S),
1140 cm"1 (S ), 1280 cm“ 1 (S )0 U l t r a v io le t :  240 mp ( £  = 1 1 ,0 0 0 ),
490 mji (£•“ 13)o
T r im e th y ls ily la ,t io n  of th e  Epim eric Menthols
To m enthol (10 mg) in  h ex arae th y ld is ilazan e  (50 p i )  was 
added tr im s th y lc h lo ro s ila n e . ( ^ lO ^ i lJ o  The s o lu tio n s  were warmed 
f o r  5 m inutes and blown Gown in  a stream  of n itrogen#  The d e r iv a t iv e  
was e x tra c te d  from the w hite re s id u e  w ith  l i g h t  pe tro leum , and the 
s o lu t io n  used d i r e c t l y  f o r  GG-MS0 GC-MS c o n d itio n s  were s tan d a rd ized  
as d e sc rib e d  in  th e  d is c u s s io n .
119
,. i  THE THIQOARBOrTYL GROUP AS A DERIVATIVE IN NUCLEAR 
MAGNETIC RESONANCE SPECTROSGQ?!
INTRODUCTION
Two im p o rtan t a sp e c ts  of th e  use of NMR in  s t ru c tu re  
e lu c id a tio n  a re  th e  c o n s id e ra tio n  of a n iso tro p ic  sh ie ld in g  e f f e c t s  
of fu n c tio n a l groups and th e  use o f so lv en t-in d u ced  chem ical 
s h if ts o  These p rocedures o f te n  f a c i l i t a t e  th e  in te r p r e ta t io n  
o f the  NMR spectrum  of an unknown s t r u c tu r e 0
In  o rd e r to  in c re a se  the s ig n if ic a n c e  of th e se  p rocedures
i t  was p re d ic te d  t h a t  in  the  case of c e r ta in  ca rb o n y l-co n ta in in g
compounds, d e r iv a t iz a t io n  of the  fu n c tio n a l group could be employed
in  such a manner as to  re v e a l s ig n i f ic a n t  d if f e re n c e s  in  th e
chem ical s h i f t  of nearby p ro to n s<> The corresponding  e f f e c t  on
so lv e n t induced chem ical s h i f t s  was a lso  of i n t e r e s t 0 An NMR
study  of th e  p ro p e r t ie s  of the th io c a rb cn y l group}which in  many
in s ta n c e s  i s  r e a d i ly  p repared  from the  co rresponding  k e to n e , was
th e re fo re  in itia te d ®  I t  was hoped th a t  c o n s id e ra tio n  of th e
m agnetic a n is o tro p y , and of the  benzene-induced so lv en t s h i f t s  of
\
th ionesjw ould  p rov ide  d a ta  complementary to  those  o b ta ined  from 
th e  p a re n t ke tone.
I t  i s  proposed in  th i s  in tro d u c tio n  to  comment only  b r i e f ly  
on the  o r ig in  of m agnetic an iso tro p y  (since  t h i s  i s  a p h y s ic a l 
problem of some com plexity) and to  o u tlin e  the  p o s tu la te d
F ig .  27
M agnetic  a n i s o t r o p ic  e f f e c t .
E l e c t r i c  f i e l d  e f f e c t ,
.  — U
\ A *
OJ
I
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mechanisms by which arom atic  so lv en ts  in flu en c e  chem ical s h i f t s 0
A nisotropy of th e  carbony l group
The m agnetic s h ie ld in g  e f f e c t  on a nucleus o f a fu n c tio n a l  
group such as th e  carbony l group i s  dependent on th e i r  r e l a t iv e  
s p a t i a l  d i s p o s i t i o n  This fu n c tio n a l group a n iso tro p y , which 
causes d i f f e r e n t i a l  s h ie ld in g , has been the  su b je c t  of many 
e m p ir ic a l and th e o r e t i c a l  tre a tm e n ts 0 le ad in g  re fe re n c e s  to  the
55phenomenon may be found in  the s e r ie s  of papers by M athieson e t  a l  
who have d e sc rib ed  m athem atica lly  the  long -range  screen in g  e f f e c t s  
o f th e  C-H, C~C, C=C and CIO g roups0
The t o t a l  s h ie ld in g  e f f e c t  o f a carbonyl group upon a 
re so n a tin g  n u c leus i s  a composite of two im portan t in tra m o le c u la r  
f a c to r s ,  th e  m agnetic a n iso tro p ic  sh ie ld in g  and the  e l e c t r i c  f i e l d  
effect* , The carbony l group does n o t p o ssess  c y l in d r ic a l  or c o n ic a l 
symmetry, th e re fo re  the  m agnetic a n iso tro p ic  s u s c e p t ib i l i ty  has to  
be expressed  in  term s of th re e  o rthogonal s u s c e p t ib i l i ty  components
Q -Q  - Q-w.Q
( i . e 0 two a n is o t ro p ie s ,  A  and A  ) e The r e le v a n t  eq u ation
d e sc rib in g  the  c o n tr ib u tio n  of m agnetic a n iso tro p ic  s h ie ld in g  to  
th e  chem ical s h i f t  of a f r e e ly - r o t a t in g  m ethyl group i s  g iven  by
16“' ppm. -  ^ 3 A^X^ (1-3 cos^9) + (1-3 s in ^ 9 s in ^ y  ) ~ (D
where A ^x?  “ ^  “X_ A 0 0h a. a aiiu it-i -  X -X .*1 y x  A2 z x
The x -a iiis  co in c id e s  w ith  the  bond a x is  and the  y -a x is  i s  the
d ir e c t io n  o rthogonal to  the  nodal p lane o f the  Tf ~ o r b i t a l s 0 The
an g les invo lved  are  d e fin ed  in  Fig* 27 .
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The c o n tr ib u tio n  to  sh ie ld in g  of
group due to  th e  e l e c t r i c  d ip o le  i s  g iven  by the  eq u a tio n
- ( 2 )
in  which K = kp where k i s  a p r o p o r t io n a l i ty  c o n s ta n t and ji i s  the
angle  d e fin ed  by th e  C~G a x is  of the  m ethyl group and a C-H bond. 
The o th e r  an g les  in v o lv ed  a re  d e fin ed  in  Fig* 27*
When co n s id e rin g  bo th  m agnetic and e l e c t r i c  e f f e c t s ,  the  
sc reen in g  of the  m ethyl group i s  d e fin ed  as t h a t  component of. the  
f i e l d  a t  th e  c e n tre  of th e  c i r c l e  of r o ta t io n  of th e  hydrogen atoms, 
re so lv e d  p a r a l l e l  to  one of th e  C-H bonds and averaged over 360° 
o f r o ta t io n .
To c a lc u la te  fo r  a g iven  m ethyl group (o r p ro to n ) , th e  s h i f t  
produced when a fu n c tio n a l  group i s  in tro d u ced  in to  a m olecule, 
b o th  the  s u b s t i tu te d  and u n s u b s ti tu te d  m olecules must be considered^ 
such th a t  the  r e s u l t a n t  s h i f t
th e  m olecule. However, s in ce  th e  n e t  chem ical s h i f t  d if f e re n c e
between the  two m olecules i s  caused only  by th e se  bonds which d i f f e r
\
in  th e  s u b s t i tu te d  and u n s u b s ti tu te d  ca se , only those  bonds need be
d ip o le  moment ( in  Debyes) of th e  carbony l group, to (70°30 ) i s  th e
J .
<T sub.
M
4j- unsub.
N:
where i s  the sum of th e  screen in g  e f f e c t s  of a l l  N bonds in1 °
co n sidered  in  th e  c a lc u la t io n  i ,e *  th e  s h i f t  f o r  any d i s t a n t  nucleus
in  p roceed ing  from the  alkane to  the  corresponding  k e to n e ■com prises th e
a lg e b ra ic  sum of th e  screen in g  c o n s ta n ts  fo r  the  d isp la c e d  C-H
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bonds and the in tro d u ced  C=0 bond® The re le v a n t  eq u a tio n  fo r  
computing the  c o n tr ib u tio n  due to  the  d isp la ce d  p ro to n s i s
O'ppm ~r 3(1-*3 c o s  9) R5
, (Xk*2XT) + 5 (Xj^cos "G+Xisin ~9) 
2
’ -  l i  (XLcos/+0 +Xj,sin^0 )  --------------   (3 )
6 -J
■ in  which .X  i s  the. m agnetic s u s c e p t ib i l i ty  of th e  bond in  a 
d i r e c t io n  along the  bond a x is ,  Xy i s  th e  m agnetic s u s c e p t ib i l i ty  
i n  a d i r e c t io n  a t  r i g h t  an g les to  the bond a x is ,  S i s  h a lf  the 
le n g th  o f the  induced d ip o le  (taken  as 0 *25$. ) and Q i s  th e  angle 
between the symmetry a x is  o f th e  p ro to n  and the d i r e c t io n  of th e  
group being  sh ieldedo  The l a s t  th re e  term s are  c o rre c t io n  te rm s 
which a re  used when R < 3? .
■ A ccordingly , M athieson s e t  up a s e r ie s  of eq u a tio n s  w ith
Q._Q C~0
three unknowns, A  x j , A J%2 anc  ^ K u s in g  the a lg e b ra ic  sum of
( l ) ,  (2 ) and (3 ) ,  f o r  15 mono-oxo-androstanes* u sing  the s h i f t s  of
the ^ (19) m ethyl groups r e l a t iv e  to  androstane* L east
C—0squares a n a ly s is  o f th e  30 equatio n s  gave v a lu es  o f A  Xq ~ - 4-0 02x
10 ^  cirf* m olecule A^Xp "  ”28.8x10 ^  cm  ^ molecule"*'*' and 
-30K = +0o8xl0 D, when bo th  m agnetic and e l e c t r i c  d ip o le s  were 
assumed to  be on oxygen,' Corresponding v a lu es  were computed, 
assuming the d ip o le s  to  be a t  o th e r p o in ts  along th e  C=0 bond, bu t 
when bo th  are assumed to  be on oxygen the  e l e c t r i c  f i e l d  ten d s  to
zero  and can be igno red  in  a n iso tro p ic  c a lc u la t io n s ,  u s in g  the
C—0 —30 3 —Is l ig h t ly  m odified  v a lu es  A  % ~ - 39 . 7x10 cm molecule"”-  and
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/S^Xp “  *~27o9xlO cm^ m olecule \  These va lu es  were su c c e ss fu lly  
used  to  p re d ic t  many of the chem ical s h i f t s  of m ethyl groups in  a 
s e r ie s  of ox o -an d ro stan es .
In  p r in c ip le ,  th e re fo re ,  i t  should be p o ss ib le  in  a 
carbony l compound to  modify the  carbonyl group in  such a way as to  
produce changes in  a n iso tro p y , observed as changes in  chem ical 
s h i f t  o f c e r ta in  p ro to n s  in  th e  NMR spectrum . The magnitude of the  
e f f e c t ,  i f  r e la te d  to  the r e l a t iv e  s p a t i a l  d is p o s i t io n  of 
fu n c tio n a l  group and sh ie ld e d /d e sh ie ld e d  group, could  be u t i l i z e d  
in  s t r u c tu r a l  d e te rm in a tio n s . We have a ttem pted  to  make a 
q u a l i t a t iv e  assessm ent of the  a n iso tro p ic  p ro p e r t ie s  o f th e  
th io c a rb o n v l group. To our knowledge, th e se  e f f e c t s  have n o t 
been re p o r te d 0
12 k
Arom atic S o lv e n t-Induced Chemical  Shif t s
This techn ique  i,s o f g re a t  p r a c t i c a l  im portance when
apply ing  NMR to  the  problems of n a tu ra l  p roduct s t ru c tu re  
56e lu c id a t io n  0 From the v a s t  c o l le c t io n  of e m p iric a l and sem i-
th e o r e t ic a l  d a ta  i t  i s  p o s s ib le  in  many in s ta n c e s  to  a ss ig n  p ro to n s
and conform ations o f s u ita b le  m olecu les. I t  i s  a lso  p o s s ib le  to
s im p lify  s p e c t r a l  e lu c id a tio n  by re so lv in g  coalesced  s ig n a ls  caused
by c o in c id e n ta l  iso ch ro n y .
The use in  s t ru c tu re  e lu c id a tio n  i s  w e ll i l l u s t r a t e d  in  the
57work o f Bhacca and W illiam s who showed in  a s e r ie s  of s te r o id a l
k e tones t h a t  the  change from deu teroch lo ro fo rm  to  benzene produces
im p o rtan t so lv en t s h i f t s  whose s ig n  and magnitude a re  fu n c tio n s  of
the  s t e r i c  r e la t io n s h ip  of the  r e le v a n t  p ro to n  and the  carbonyl
groupo In  5X~ androstane  the  18 and 19-m ethyl resonances a re
in v a r ia n t  in  the  change of so lv e n t, b u t in  a s e r ie s  of k e to -d e r iv a t iv
s h i f t s  dependent on g eo m etrica l r e la t io n s h ip s  a re  observed .
G en era lly , in  the  case of m ethyl groups a d jac e n t to  the carb o n y l,
a x ia l  m ethyls are  sh ie ld ed  by 0 ,2 -0 .3  ppm. w hile e q u a to r ia l  m ethyl
groups are  d esh ie ld ed  by 0.05-0.3-0 ppm. P e r t in e n t  d a ta  are  ta b u la te d  
58b y L a sz lo  e An im p o rtan t p ro p e rty  of th ese  so lv en t s h i f t s  i s  th e i r
a d d i t iv i ty  in  th e  case of po ly k e to n es, NThe benzene s h i f t s  in c u rre d
by s te r o id s  can be c a lc u la te d  e m p ir ic a lly  as th e  sura of th e  sep a ra te
s h i f t s  of th e  i s o la te d  carbonyl groups in  the monoketoneSo
An example of the use o f the  e f f e c t  in  con fo rm ational s tu d ie s  was
59 60provided  in  the  s tudy  * of the  & p  and X - s u b s t i tu te d  m ethyl 
cyclohexancnes which e x h ib i t  benzene-induced so lv en t e f f e c t s 9
125
in te r p r e te d  as caused by p re fe r re d  confo rm ations. The r e s u l t s  
a re  s e l f - c o n s i s t e n t  w ith in  each s e r ie s  o f compounds0 The chem ical 
s h i f t s  depend on the  ease of fo rm ation  o f th e  p o s tu la te d  1 :1  complex 
which in  tu rn  i s  dependent on th e  s t e r i c  h indrance of the  so lv en t 
by th e  so lu te  and th e re fo re  on i t s  degree of su b s titu tio n ^ a c c o rd in g  
to  th e  a u th o rs . The p o te n t ia l  use of th e  method in  confo rm ationa l 
in v e s t ig a t io n s  i s  a p p a ren t.
There i s  much co n tro v e rsy  about the  n a tu re  of th e  e ffe c t ,,
No comprehensive th eo ry  has y e t  been advanced, bu t when problems 
a.re approached th rough the  use o f a model, o r by e m p iric a l
c o r r e la t io n ,  s a t i s f a c to r y  r e s u l t s  can o f te n  be o b ta in ed . C e rta in
61au th o rs  tend  to  favour as a model, a d is c r e te  1 :1  complex of a 
t r a n s ie n t  n a tu re . In  the  g e n e ra l c ase , benzene so lv en t m olecules 
a re  considered  to  be o r ie n te d  by the  e le c t r o n - d e f ic ie n t  s i t e  of a 
lo c a l  d ip o le , assuming th a t  such d ip o le -in d u ced  d ip o le  i n t e r ­
a c tio n s  w i l l  le a d  as a f i r s t  approxim ation to  s in g le  t r a n s ie n t  1:1 
a s s o c ia t io n s  in  which th e  benzene m olecule w il l  re s id e  as f a r  as 
p o s s ib le  from the n eg a tiv e  end of the m olecular d ip o le 0 Benzene 
i s  a s so c ia te d  w ith  the  p ro p e rty  of m agnetic a n iso tro p y , which in  
the  r in g - c u r re n t  model w i l l  r e s u l t  in  u p f ie ld  s h i f t s  (sh ie ld in g )  
fo r  p ro to n s  above the  arom atic  r in g  andx near the  a x is ,  and dow nfield 
s h i f t s  (d e sh ie ld in g ) fo r  p ro to n s  in  the  p lane o f , and n ear the  
benzene r in g ,  Zurcher a r r iv e s  a t  a s im ila r  in te rp re ta tio n ®  
C onsidering  the  18- and 19- m ethyls in  the  s te r o id  sk e le to n  he 
r e la te d  the chem ical s h i f t  increm ents w ith  the a lg e b ra ic  sum of
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a m agnetic and e l e c t r i c  term , (the  a n iso tro p ic  s u s c e p t ib i l i t y  and
the  d ip o le  moment r e s p e c tiv e ly )  fo r  the  p re fe r re d  s tag g ered
conform ation of the  m ethyl groups. The m agnetic s u s c e p t ib i l i ty
term  i s  independent of so lv en t to  a f i r s t  approxim ation and the
63e l e c t r i c  ( r e a c t io n  f i e l d )  term  does no t vary  s ig n i f ic a n t ly
between deu teroch lo ro fo rm  and benzene which have s im ila r  d i e l e c t r i c
c o n s ta n ts . One i s  com pelled, th e re fo re , to  invoke a d ip o le -in d u ced
d ip o le  a s s o c ia t io n  of so lu te  and s o lv e n t, in  which p ro to n s  o f the
so lu te  a re  s p e c i f ic a l ly  e f fe c te d  by the  a s s o c ia tin g  benzene m olecule0
6/This w ide ly -accep ted  view was a lso  d e sc rib e d  by Schneider + who 
assumed a d ip o le -in d u ced  d ip o le  a s s o c ia tio n  which s t a b i l i s e s  c e r ta in  
m olecu lar o r ie n ta t io n s ,  so th a t  so lu te  p ro to n s  a r e 'd i f f e r e n t i a l l y  
sh ie ld ed  depending on t h e i r  s p a t i a l  r e la t io n s h ip  to  th e  
te m p o ra rily -o rd e red  a s s o c ia tin g  benzene m olecule. He b e lie v e s  th a t  
th e  change in  a n iso tro p y  due to  the  mechanism of complex fo rm ation  
i s  very  sm all, the  a n iso tro p y  of the so lv en t predom inating in  the 
p ro c e ss . R eaction  f i e l d  term s such as van der Waals fo rc e s  are  
ig n o red . I t  i s  a lso  dem onstrated th a t  p r o b a b i l i ty  c o n tro l le d  
to p o lo g ic a l in te r a c t io n s  such as the  m ixing of d isc -sh ap ed  benzene 
w ith  rod-shaped  a c e to n i t r i l e  in  a s te r e o s p e c if ic  manner a re  n o t the  
p rim ary cause of so lv e n t s h i f t s 0
In  summary, such simple models of complex fo rm ation  have
65r e s u l te d  in  rem arkably accu ra te  p re d ic tio n s  o f so lv en t s h i f t .
A cceptable c o r re la t io n s  of solvent- s h i f t s  w ith so lu te  m olecules have 
->6/been observes v a f t e r  c o r re c t in g  fo r  vary ing  d is ta n c e s  between the 
c e n tre  of g ra v ity  of th e  so lu te  and o f th e  benzene m olecule,
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su p p o rtin g  the p o s tu la te d  1 :1  t r a n s ie n t  complex0 D ilu tio n  s tu d ie s
cannot dem onstrate the e x is ten c e  of a 1 :1  complex., bu t th e  apparen t
a s s o c ia t io n  c o n s ta n ts  thus measured fo r  an assumed complex a re  in
good agreem ent w ith  the  e x is te n c e  of a r e l a t i v e l y  weak complex0
There i s ,  however, a growing body o f op in ion  which q u e s tio n s
th e  e x is ten c e  o f a d is c r e te  1 :1  complex* F o r t  and Lindstrom  in
t h e i r  re c e n t p u b l i c a t io n ^  re v e a l t h a t  halogeno-adam antanes, which
e x h ib i t  co n sid e rab le  so lv e n t s h i f t s ,  show no h in t  of complex
fo rm atio n  in  fre e z in g  p o in t diagram s which ro u t in e ly  p rov ide a
f a c i l e  in d ic a t io n  of weak m olecu lar in te ra c t io n s*  They su g g es t,
67m  common w ith  Brown and S ta rk  , t h a t  the  d a ta  a re  more c o n s is te n t
w ith  a s l ig h t  g eo m etrica l o rd e rin g  o f th e  so lv en t about the
s o lu te  molecule in  a s o r t  of ‘cage c o n s tru c tio n 1, i* e .  an
in d e te rm in a te  number of so lv a tin g  m olecules ra p id ly  in te rch an g in g
w ith  the  bulk  so lv en t a ffo rd s  a geo m etrica l e ffe c t*  Measured
eq u ilib riu m  c o n sta n ts  and e n th a lp ie s  need have no r e a l  meaning
th e re fo re )e x c e p t to  in d ic a te  th e  magnitude o f the  in te r a c t io n ,  .
s in ce  they  are  based on th e  presum ably in c o r re c t  assum ption of a
1 :1  s to ich io m etry . L im ita tio n s  of the  R onsyne-b iH iam s model
68were re p o rte d  very  r e c e n t ly 0 Matsuo" i l l u s t r a t e d  how c e r ta in  
anom alously-large so lv en t s h i f t s  cannot be accommodated in  t h i s
6Qmodel, T h e o re tic a l c a lc u la t io n s  of s h i f t s  (Johnson-Bovey tre a tm e n t ) 
u s in g  t h i s  model a re  incom patib le  w ith  experim en ta l d a ta 0 The 
au th o r proposes a more g e n e ra l model in .w h ich  van der Waals fo rc e s  
p la y  a more s ig n i f ic a n t  p a r t ,  and se v e ra l so lv en t m olecules 
sim u ltaneously  i n t e r a c t  w ith  the so lu te  m olecule. The s h i f t  i s  then  
due. to  the  cum ulative e f f e c t  of th ese  c lu s te re d  so lv en t m olecules -_____
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This model i s  c o n s is te n t  w ith  the  f a c t  th a t  th e  observed en th a lp y  
o f th e  complex i s  o f th e  same magnitude as th e  t r a n s la t io n a l ,  
e n e rg ie s  of th e  m olecules in v o lv ed , and in te r a c t io n s  in  t h i s  
energy re g io n  a re  g e n e ra lly  considered  as being due to  van d er Waals 
fo rces*  -
I r r e s p e c t iv e  o f the  arguments about the o r ig in  of th e  e f fe c t^  
ignotum p e r  ig n o t iu s , so lv en t-in d u ced  chem ical s h i f t s  p rov ide  a 
pow erful weapon in  the  armoury of the  o rgan ic  chemist* We have 
th e re fo re  examined and compared the so lv en t-in d u ced  chem ical s h i f t s  
o f th e  carbony l group and th e  co rresponding  th io c a rb o n y l d e r iv a tiv e  
in  a s e r ie s  o f monoterpenoids© t
1 2 9
5-  2 RESULTS AND DISCUSSION
A nisotropy  of Thiones
Compounds (66) and(68) were p rep ared  accord ing  to  the  
70 73methods of Sen and Mayer ' r e s p e c t iv e ly ,  and th e  p ro d u c ts
r ig o ro u s ly  p u r i f ie d  by column chrom atography0 P h y s ic a l and
71sp ec tro sc o p ic  d a ta  were c o n s is te n t  w ith  l i t e r a t u r e  v a lu es  . 
Thiocam phenilone, a new compound, was p repared  and p u r i f ie d  in  the  
same manner as th io fen c h o n e(6 8 )0 A n a ly s is , in f r a - r e d ,  u l t r a v i o l e t  
and GC-MS s p e c tr a l  d a ta  were in  accord  w ith  th e  monomeric 
s t r u c tu r e  (7 0 )t
These p a r t i c u la r  th io n e s  were chosen fo r  the  fo llo w in g  
re a so n s r
(a) Simple p re p a ra t io n s  o f thiocam phor and th io fenchone were
70 71d e sc rib e d  in  th e  l i t e r a t u r e  9
o o  They com prise a s e t  o f c lo s e ly - r e la te d ,  r i g i d  b ic y l ic  
system s which a re  s t r u c tu r a l ly  s im i la r 0
t o  The m ethyl resonances of camphor, fenchone and camphenilone
72 73
have been ass ig n ed  in  th e  l i t e r a t u r e  9 .
\
(d) They are  e i th e r  n o n -e n o lisab le  o r n o t ap p rec iab ly  e n o lise d ,
7/,
u n lik e  sim pler a l i c y c l i c  th ro n es  which have been d e sc rib e d
(e) They are  monomeric, u n lik e  th io a c e to n e , th io p ropanone  and
n f
s im ila r  sim ple th io n e s  which e x i s t  in  the  polym eric form
i ? ' i g , 2 o
10
6 5 , R=0
6 6 , R=S
6? ,  R=0 
6 8 , R=S 7 0 , R=S
TABLE 4- 
Chemical S h if t  (CC1/J
Me (8) Me (9) Me(10)
Bornane 9 .17 9 .17 9.17
camphor 9.15 9 .0  3 9.13
thiocam phor 9.20 8.97 8.95
fenchone 9 .01 9.01 8 .91
th iofenchone 8 .84 8,88 8.70
camphenilone 8.99 8.99 -
th i  0 c amphenilone 8.87 8.87 ~
^ a r b i t r a r i l y  assigned,
H (l)
7 .4 0
6,60
Hexo
i n
■8.75
7 .8 0
7 .30
„endo 
H (3)
'8 .7 5
8.30
7.65
TABLE 5
dt ©
D istance (A) o f F u n c tio n a l Group to  Shielded P ro tons
ME(8) Me (9) Me(10) H (l) „exolL2l
„endo
"(3 )
Camphor 4-.00 5.24 3 .14 . . 2 .80 2.80
thiocam phor 4.02 5.60 3.22 - 3.10 3.10
fenchone 3.40 3.40 3 .14 - - . .
th iofenchone 3.55 3.75 3.22 - «
camphenilone 3 .40 3.40 2.60 - -
t h i  0 c amphsnilone 3.55 3.75 - 3.10 - -
± measured from h e te ro atom to geom etrical c e n tre
of r o ta t io n  of m ethyl p ro to n s .
andr ac
i n  CDC'X.,
1 5 0
I t  i s  assumed th roughou t t h i s  d is c u s s io n  th a t  th e  th io n e
C^i)—C(2)—C(3) e s s e n t ia l ly  sim ilar  to  th a t of the ketone0
I n  view o f th e  . r ig id i ty  of th e  bornane r in g  system  we b e lie v e  th a t
any in h e re n t tendency o f th e  th io n e  group to  vary  from th e  t r ig o n a l  
2
s p  geometry w i l l  b e  n e g lig ib le ,.
P re lim in a ry  in s p e c tio n  o f th e  60 Mc/s s p e c tra  o f  th e  th re e  
th io n e s  im m ediately  r e v e a ls  t h a t  t h i s  fu n c t io n a l i ty  has a g re a te r  
a n iso tro p y  th an  the  carbony l group0 The r e la t iv e  a n iso tro p ic  
s h ie ld in g  and d e sh ie ld in g  e f f e c t s  of th e  ketones and th io n e s  are  
re p re se n te d  by th e  chem ical s h i f t s  in  T ables 6 -8 0 The s t r ik in g  
d if fe re n c e  between ketone and th io n e  i s  b e s t  i l l u s t r a t e d ,  however, 
by Figo 29 in  which th e  m ethyl a b so rp tio n s  of camphor a re  com pletely  
d is s im i la r  to  those  o f thiocam phor. Comparison o f th e  re s p e c tiv e  
m ethylene and m ethine re g io n s  a lso  in d ic a te  s ig n i f ic a n t  d if f e r e n c e ? .
■ Assignment o f th e  m ethyl reso nances in  th io c a m p h o r v/as
73f a c i l i t a t e d  by the  v e ry  re c e n t  paper o f Baker and Davis in  which . 
tw en ty -n ine  bornane d e r iv a t iv e s  were in v e s t ig a te d  by NMR; d e u te ra tio n  
s tu d ie s  r e s u l te d  in  unequ ivocal assignm ent of the m ethyl groups and 
th e  p e r t in e n t  o b se rv a tio n  th a t  th e se  m ethyls can in v a r ia b ly  be
*The chem istry  o f th io n e s  ^  i s  doming, tedx by r e a c t io n s  o f the  type 
(R2 C=Sj sp ) -> p ro d u c t (R ^C -S ,sp ^) e .ga  the  extreme e le c t r o o h i l i c i ty
o f th e  group and the  tendency to  d im erize and tr im e r iz e  w ith  fo rm ation  
of C-S sp-3 bonds. This i s  due to  th e  decreased  s t a b i l i z a t i o n  of 
R 2 C—S r e l a t i v e  toR 2 G—0; th e  o v erlap  in te g r a l  o f th e  p—o r b i t a l s  in  
R2-C-0 i s  g re a te r  than  in  C=-S in  which the  S p - o r b i t a l  i s  much more 
d i f f u s e .  T h is^ re la tiv e  d e s ta b i l iz a t io n  i s  a lso  r e f l e c te d  in  the
bond e n e rg ie s '^  •
C=0, 152 Kc/if; C=S, 103 Kc/k.
F i g .  3 0
P r o je c t io n  o f  camphor a lo n g  th e  C ^ ) - C ( ^ )  a x is  
\
\ s h i e l d in g  
x zone
P r o je c t io n  o f  th io cam p h o r a lo n g  th e  a x i s
(8 8 .97) Me.
d e s h ie ld in g  
zone
8
Me (V9‘ 2 0 )
s h ie l d in g
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c o r re la te d  on the b a s is  o f t h e i r  l in e  w idths (and hence peak 
h e ig h ts ) .  In  camphor the  C m e t h y l  a b so rp tio n  had th e
narrow est h a lf-b an d  w idth  ( AW; = Wi_ -  WiTMS = 0 .18 cp s) ;
2" 2 2
th e  corresponding  v a lu es  f o r  0 ^  and. were 0 ,84  and 0 ,78  cp s,
r e s p e c t iv e ly 0 The c a u sa tiv e  f a c to r  was shown to  be coupling  
th rough  fo u r  CT bonds having a W -configura tion  in  the 
gein-dimethyl groupa Since thiocam phor i s  a r e la te d  bornane 
d e r iv a tiv e  we have acco rd in g ly  ass ig n ed  th e  m ethyl resonances on th e  
b a s is  o f peak h e ig h t; as shown in  Table 8 , So lven t s h i f t  d a ta  
a re  in  accordance w ith  th e  assignm ents, D eliberation s tu d ie s  
which would prov ide conclusive  p roo f have n o t y e t  been perform ed,
A q u a l i ta t iv e  e s tim a tio n  of the  r e l a t iv e  a n iso tro p ic  
sh ie ld in g , p ro p e n s it ie s  of ketone and th io n e  can be o b ta in ed  from 
F ig , 30  in  which 2~dim ensional r e p re s e n ta t io n s  o f camphor and 
thiocam phor are  p re se n te d . The Me(8 ); Me(9) end. Me(l0) ab so rp tio n s  
o f camphor are  readi3.y accommodated w ith in  the  re c e n t ly  re d e fin e d  
cone of sh ie ld in g  and d e sh ie ld in g  of th e  carbonyl group as shown 
in  F ig , 30, The p o s i t io n  of g r e a te s t  sh ie ld in g  i s  assumed to  be 
o u ts id e  th a t  s e c tio n  of the  s o l id  cone which surrounds th e  2 - fo ld  
symmetry ax is  o f th e  carb o n y l. P ro tons which l i e  w ith in  the  
s o l id  s e c tio n  o f th e  cone which p o in ts  along the  bond a x is  a re  
deshieldedo Hence, Me(9) in  camphor a t  x  9. Gk i s  d e sh ie ld ed  r e l a t i v e  
to  i t s  bornane analogue0 Me( 8 which l i e s  w ith in  the  sh ie ld in g  
zone,, i s  r e l a t i v e ly  sh ie ld e d .
In  thiocam phor a s im ila r  e m p iric a l cone of sh ie ld in g  can be
p o s tu la te d  to  allow  f o r  th e  sh ie ld in g  of Me (8) which absorbs
a t  Me(9) i s  s im ila r ly  d e sh ie ld e d . The m agnitudes of
s h ie ld in g  and d e sh ie ld in g  a re  ap p a ren tly  g re a te r  than  i n  th e
corresponding  ketones* V alues o b ta in ed  fo r  th io fenchone and
thiocam phenilone can a lso  be accommodated w ith in  the  p o s tu la te d
sh ie 'ld in g /d e sh ie ld in g  zones.
In  o rd e r to  e v a lu a te  q u a n t i ta t iv e ly  the a n iso tro p ic
param eters  of the  th io carb o n y 1 group, a s e r ie s  of eq u atio n s  in  
.Q_g 0—S
th re e  unknowns, ^  % and K would have to  be so lv ed .
As a t e s t  of the a p p l ic a b i l i ty  o f th e  M athieson tre a tm e n t to  
(2 ,2 ,1 ) -  b ic y c l ic  system s, the  chem ical s h i f t s  of the  m ethyl groups 
in  camphor were c a lc u la te d .  The s h i f t  o f Me(9) was c o r r e c t ly  
p re d ic te d , b u t those  of Me(8) and Me(lO) were found to  d i f f e r  
from the ex p erim en ta l va lue  by a s ig n i f ic a n t  amount ( ~  0 ,1  ppm) .
1
S im ila r d i s p a r i t i e s  have re c e n t ly  been observed by K arabatsos e t  a l  
P o ss ib le  re a so n s , in  t h i s  s tudy , could invo lve  the  r e l i e f  o f 
s t e r i c  com pression which r e s u l t s  in  p a ss in g  from bornane (from 
which the  c o n tr ib u tio n  of the  two d isp la c e d  p ro to n s  are  c a lc u la te d )  
to  camphor, and th e  e r r o r  invo lved  in  e s tim a tin g  d is ta n c e s  and 
an g les  from D reid ing  models (Table 5 ) . I t  was th e re fo re  deemed
X
in a d v isab le  to  proceed  w ith  c a lc u la t io n s  on the  th io k e to n e s  (66 ), 
(68) and (70). A d i f f e r e n t  s e r ie s  of th io n e s  such as th io -o x o - 
and ro sten es  may be more amenable to  th e  tech n iq u e ,
A p re lim in a ry  a n a ly s is  of the NMR sp e c tra  o f camphor and 
thiocam phor, which were s u p e r f ic ia l ly  d i f f e r e n t ,  was undertaken
F ig . 31
9tt7
NMR. sp ectru m  (22 0 M c/s. ) o f  camphor in  CCl^ (1 0 0 0  c p s . sweep w id th )
.endo
,(3)
.exo
(3 )
3 ,3
8 8 .3 t
NMR sp ectru m  (220M c/s. ) o f  camphor in  001^ (5 0 0 cp s .  sw eep w id th )
F ig ,  32
10
NMR sp e c tru m  (220M c/s*) o f  th io cam p h o r in  CC1 ^  (lOOOcps. sweep w id th )
Tjexo
( 3 )
A
TTenao
(5)
A
I
J.
IU
J. L
9?
$  V
7 . 3
3exo
4-,pe;co
2*L _ , J U
8 .0
NMR sp ec tru m  (2201-lc/s, ) o f  th io cam p h o r in CC1,, CpGOcps, r.-,reep v.r:
1 3 3
in  o rd e r t h a t  o th e r  p ro to n  resonances could be assigned,, The 
d if f e r e n c e s  in - a n is o tro p ic  e f f e c t  between carbony l and th io n e  were 
e s p e c ia l ly  em phasised when the roethylene-m ethine p ro to n  re g io n s  of 
camphor and thiocam phor were examined a t  220Mc/so (F ig s , 3 1  and 3 2 ) ,  
The AB d o u b le ts  (Jgera = -19  cps) due to  and h| ^ °  w ere , ap p aren t
a t  X  7 .8  and X  8 .3  in  camphor0 which subtends an angle of
0VQ on th e  o th e r  hand subtends 
ail ang le  o f 4-5° w ith  and i s  acco rd in g ly  f u r th e r  s p l i t  by 4 cp s,
4<r coupling  to  H(5exo)? which i s  to  be expected as a consequence 
o f th e  'W r e la t io n s h ip ,  causes f u r th e r  s p l i t t i n g  o f ^3exo> pexo
=' k c p s . ) . The assignm ent o f th e  > H and
p ro to n s , which com prise p a r t  o f a 7 -sp in  system , i s  a t  p re s e n t .under 
s tu d y , u s in g  com puta tional te ch n iq u es0
Thiocamphor e x h ib i ts  s ig n i f ic a n t  chem ical s h i f t  d if f e re n c e s  in  
t h i s  re g io n  in  the  220 Mc/s spectrum , a lthough  the  s ig n a ls  a re  s t i l l  
w e ll-s e p a ra te d  from one a n o th e r0 and again  comprise an
AB system  (F ig , 32) b u t w ith  u n u su a lly  h igh  gem inal coupling ' o f -22 c p s0 
As in  camphor, i s  f u r th e r  coupled to  (^3exo,4 = ^  CFS) Qnd
t0  H(5) (J3exo, 5exo= * c^ ‘
^Recent world7 ?»as dem onstrated  th a t  in  system s of the  type  X-C^-Y 
where X and /o r Y = 0 and /o r S, the  m agnitude of gem inal coupling  
can be r e la te d  to  the  p ro p e n s ity  of th e  he tero -a tom  to  t r a n s f e r  
e le c tro n s  in to  the  an tisym m etric  CHo m olecular o r b i t a l  by e c l ip s in g  
o f th e  lone p a i r  o r b i t a l s  w ith  the a d jac e n t Q-H o r b i t a l s ,  A 
s im ila r  mechanism,- or one in v o lv in g  a s l ig h t  change in  th e  sp11 
c h a ra c te r  of th e  CHq grouping to  the  d i f f e r e n t  e le c tro n ic  n a tu re  
o f the  th io n e , may be o p e ra tin g .
^T hanks a re  due to  Dr. D, McN ic o l f o r  m easu rin g  th e  s p e c t r a .
90 w ith  H ^ \  i s  n o t f u r th e r  coupled .
In  summary, th e  an iso tro p y  of th e  th io n e  fu n c tio n  has 
been found to  be m arkedly d i f f e r e n t  from th a t  of the  ketone group* 
A q u a l i t a t iv e  exam ination  in d ic a te s  t h a t  the  fu n c t io n a l i ty  may be 
o f some p o te n t ia l  use in  s t ru c tu re  e lu c id a tio n  by v ir tu e  o f th e  
added in fo rm atio n  which i t  provides©
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NHR sp ec tru m  (6 0 I lc /s . ) o f  th io cam p h o r in  benzene
1 3 5
Aromati c-Solvent~Induce d Chemj.cal vShif t s  o f th e  Thiocarbonyl Group>
The ex ten s iv e  l i t e r a t u r e  on the  a ro m a tic -so lv en t-in d u ced  chem ical
s h i f t s  r e f l e c t s  the  e m p ir ic a l value o f the te ch n iq u e0 A ccordingly ,
an e v a lu a tio n  of th e  monoterpene ketone d e r iv a t iv e s ,  thiocam phor,
th io fenchohe and th iocam phenilone has been perform ed,
60 M c/sec. s p e c tra  o f th e  ketones and t h e i r  d e r iv a t iv e s  were run
in  carbon te t r a c h lo r id e ,  deu teroch lo ro fo rm  and a wide range of
arom atic  s o lv e n ts 0 Chemical s h i f t  d a ta  a re  p re sen ted  in  T ables 6-8*
V 8.D ata have been p re sen te d  fo r  camphor and fenchone in  a s im ila r  s e r ie s
o f so lv e n ts , b u t th e  th io n e  group has n o t been examined* T ypical
so lv e n t s h i f t s  f o r  the th io n e  fu n c tio n  may be seen in  Fig* 34-
( c f .  F ig . 29) in  which the s ig n a ls  due to  Me (8 ) , Me(9) and Me(lO),
'£ 8 ,9 8 , 9,22 and 8 . 92 , r e s p e c t iv e ly ,  s h i f t  to  9 .2 9 , 9.4-3 end 8 .91
(assignm ents accord ing  to  peak h e ig h ts ) , The so lv en t s h i f t s  observed
f o r  the th io n e s  are  of the  same order of magnitude as those  o f the
corresponding  k e to n es .
Fig* 33 in d ic a te s  a s t r ik in g  p a ra l le l is m  in  so lv en t s h i f t s  of
corresponding  m ethyl groups (e .g . 0 ^  camphor and thiocam phor)
which could be o f some u t i l i t y  in  c o r r e la t in g  m ethyl assignm ents in
ketones and th io n e s . A m ethyl group in  a th io n e , perhaps ass igned
on th e  b a s is  of a n iso tro p y  c o n s id e ra tio n s , should d isp la y  so lv en t
s h i f t s  in  a range o f arom atic  s o lv e n ts , p a r a l l e l  to  those  o f the
m ethyl group in  the  p a re n t k e to n e0
I t  would a lso  appear th a t  th e  e m p iric a l ru le  p o s tu la te d  by 
70
Connolly and McCrindle ~ fo r  ketones i s  a p p lic ab le  to  th io n e s ;
F i g .  3 5
.
Y '
a p p lie d  
m ag n etic  f i e l d
D iam ag n e tic  r i n g  c u r r e n t  in d u c ed  in  a  benzene m o lecu le  
s o lv a t in g  a c a rb o n y l group* In  a  1 :1  com plex th e  
b en zen e  m olecu le  would assume th e  p o s i t i o n  i n  v/hich 
r e p u l s io n  due to  i n t e r a c t i o n  o f  th e  n e g a tiv e  d ip o le  o f 
oxygen and th e  TFT -c lo u d  o f  b e n z e n e , and s t e r i c  r e p u ls io n ,  
a r e  m inim ized*
F ig *  3 6
x
W
Camphor -  mole fy a c tio n _ b e n z e n e  ( x g ^ v s .
s lo p e  = 7- — Oa 0123 — v -' "•‘Z’"* 1 7T • V4-1 ^ l i m i t i n g  s n i i tAB
l i m i t i n g  s h i f t  = 80c p s .
1i n t e r c e p t .  = p rr- = 0 ,0 ^
x B
K = 0.3m f
" r  ■ 1
oTT Ook o76
xB
o . Y 1 .0
x
b i r A  -p-xlO
o
Thiocam phor -  mole f r a c t io n _ h e n z e n e _ ( x ^ ^ v s ^  g  
l i m i t i n g  s h i f t  i= 70cps«
K = 0.4- mole f r a c t i o n
0 : 2 07 f^ ore O.’tf T ? o ‘ •
136
’i f  a p lane i s  drawn a t  r i g h t  ang les th rough the  carbon o f th e  carbonyl
group then  m ethyl groups behind the  p lane a re  sh ie ld e d , those  in
f r o n t  of th e  p lane  a re  d esh ie ld ed  and those  in  the  p lane a re
r e l a t i v e ly  u n a f f e c te d .’ In  camphor, fo r  example, Me(lO) i s  in  the
p lane  and e x h ib i ts  only  a sm all s h i f t .  S im ila r ly  in  thiocem phor,
He(lO) has a sm all s h i f t  ( a | ^ 6  0 ;0 /j. c p s )0
Since th e  mechanism i s  assumed to  invo lve  d ip o le -in d u ced  d ip o le
a t t r a c t iv e  fo r c e s ,  c o r r e la t io n  of the  m agnitudes of th e  re s p e c tiv e
d ip o le s  of the carbony l and th io c a rb o n y l groups w ith  observed s h i f t s
m ight be expected . In  th e  1 :1  a s s o c ia t io n  model, benzene i s  expected
to  a s s o c ia te  w ith  th e  p o s i t iv e  s i t e  o f the  fu n c tio n a l  group as shown
79 BOin  F ig , 35, The re s p e c tiv e  d ip o le s  5 of ketone and th io n e  
fu n c tio n a l  groups a re  2 06 and 2.01), These d if fe re n c e s  a re  n o t 
m an ifested  as s ig n i f ic a n t  d if fe re n c e s  in  so lv en t s h i f t s  (T ables 6-8 ) .
gi g2
I f  a tim e-averaged  complex i s  assumed, then  i t  can be shown 
th a t  the  e q u ilib riu m  c o n s ta n t Kass. can be o b ta ined  from the  
r e la t io n s h ip
XB = XB + 1   (1)
6 3 A3 K 6 A3
where X3 = mole f r a c t io n  o f benzene, & i s  th e  d if fe re n c e  in  chem ical
s h i f t  between ’i n e r t ’ so lv en t and benzene which i s  due to  complex
\
fo rm atio n , end &&q the  d if fe re n c e  in  s h i f t  i f  complex fo rm ation  i s
com plete© High re s o lu t io n  chem ical s h i f t  measurements were
perform ed on both  camphor and thiocam phor, as a fu n c tio n  of mole
X3/ rf r a c t io n  of benzene in  carbon te t r a c h lo r id e ,  o was p lo t te d  a g a in s t 
XB camphor and thiocam phor (F ig , 36) and Kass found to  be 0.3-0.4- (mole
1 3 7
f r a c t io n )^  ~ The l im i t in g  s h i f t s  were approxim ately  80 and 70 cps 
r e s p e c t iv e ly .  The d i lu t io n  experim ents cannot dem onstrate  
u n eq u iv o ca lly  the  e x is te n c e  of a 1 :1  complex b u t the  ap p aren t 
a s s o c ia t io n  c o n s ta n ts  thus ob ta in ed  fo r  an assumed complex a re  in  
good agreem ent w ith  the  e x is te n c e  of r e l a t i v e l y  weak complexes*
In  co n c lu s io n , the  arom atic  so lv en t-in d u ced  chem ical s h i f t s  
o f th io n e s  p a r a l l e l  those  of th e  corresponding  k e to n es , and are  of 
a s im ila r  m agnitude0 The e f f e c t  i s  of p o te n t ia l  use in  a p a r a l l e l  
s h i f t  te ch n iq u e , in  which proposed p ro to n  assignm ents may be 
co rro b o ra ted  by com parison of so lv en t s h i f t s  in  bo th  carbony l and 
,d e riv ed  th io n e  in  a s e r ie s  of arom atic  so lv e n ts* . The eq u ilib riu m  
c o n s ta n ts  fo r  the  a s s o c ia t io n  w ith  benzene are  a lso  o f s im ila r  
m agnitude in  bo th  carbony l and th io n e . From th ese  e q u ilib riu m  
co n s ta n ts  i t  i s  e v id e n t th a t  a m in o rity  of th e  m olecules are  
complexed (assuming the  h y p o th e tic a l 1 :1  com plex). A lthough the  
d ip o la r  and bond le n g th  param eters of carbony l and th io c a rb o n y l 
d i f f e r  appreciab ly^no  in fo rm atio n  about the  mechanism o f  the  e f f e c t  
can be s a fe ly  d e riv ed .
Emphasis has been p laced  by many in v e s t ig a to r s  on th e  
a t t r a c t i v e  fo rc e s  such as d ip o le -in d u ced  d ip o le  an d /o r Van der Waals 
fo rc e s  invo lved  in  the  e f fe c t*  Topologickl c o n s id e ra tio n s  which 
could  r e s u l t  in  lo c a l  g eo m etrica l o rd e rin g  of the so lv en t cage w ith  
r e s u l t a n t  d if f e r e n c e s  in  cum ulative sh ie ld in g  e f f e c t s  a t  d i f f e r e n t  
p o in ts  o f th e  so lu te  m olecu le, have n o t been taken  in to  c o n s id e ra tio n . 
There i s  a f u r th e r  f a c to r  which has n o t o b ta in ed  much a t te n t io n :
in  any p o s tu la te d  d ip o la r  1 complex1 o f a carbonyl group w ith  
benzene, the  e le c t ro n ic  d i s t r ib u t io n  o f th e  carbonyl group may be 
p e r tu rb e d . This e f f e c t  could  conceivab ly  be m an ifested  i n t r a ­
m olecu lar ly  as  a change in  a n iso tro p ic  sh ie ld in g  a t  o th e r  p o in ts  
in  th e  m olecu le. The o r ig in  o f the  e f f e c t  i s  obv iously  sp e c u la tiv e , 
b u t th e  e m p ir ic a l a p p l ic a t io n  has proved to  be a pow erfu l weapon 
in  s t ru c tu re  e lu c id a t io n 0
A ll so lv en t s h i f t  d a ta  were reco rded  on a P erk in  Slmer R-10 
60 Mc/s spectrom eter*  C a l ib ra t io n s , u s in g  th e  cyclohexane s in g le t ,  
were perform ed befo re  and a f t e r  each s e r ie s  of m easurem ents.
0.3M s o lu tio n s  were c a r e fu l ly  p rep a red , and te tra m e b h y ls ilan e  
added as in te r n a l  re fe re n c e . A ccurate s h i f t  d a ta - 'fo r  th e  c a lc u la t io n  
o f a s s o c ia t io n  c o n s ta n ts  were measured u sin g  expanded-scale 
c o n d itio n s . A ll so lv e n ts  used in  the com pila tion  o f Tables 6-8 
were d i s t i l l e d  b e fo re  u se .
A n iso tro p ic  chem ical s h i f t  d a ta  were ob ta in ed  on bo th  th e
i
Perkin-E lm er R-10 and V arian HA 220 sp ec tro m e te rs , from 0.3M 
s o lu tio n s , u s in g  te tra m e th y ls i la n e  as in t e r n a l  re fe re n c e 0
i4 o
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